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ABSTRACT
The southeastern North American margin (SENAM) is one of the world’s oldest
intact passive margins, containing the ancient southern Appalachian Mountains, the
South Georgia Rift (SGR), and the Central Atlantic Magmatic Province (CAMP).
Potential field data is used in combination with seismic imaging, borehole data,
and surface geology to better constrain the lithospheric configuration created by
Appalachian orogenesis and Atlantic rifting. In combination with filtering techniques,
maps and 2D potential field forward models, and Euler inverse modeling are used to
illuminate the pre-Cretaceous basement including basement faults, shear zones, and
granites in the hinterland of the southern Appalachians, and rift basins and mafic
intrusions beneath the Atlantic coastal plain and continental shelf.
Focusing on the Laurentia – peri-Gondwana suture zone, modeling confirms the
importance of low-angle basement thrust faults in producing Alleghanian uplift and
exhumation of metamorphic core complexes. The Appalachian paired gravity anomaly is
explained by an increase in crustal thickness and a decrease in upper crustal density
northwest of the Carolina superterrane, suggesting that Grenville-age basement rocks
extend southeastward beneath the coastal plain.
The source of the enigmatic and controversial Brunswick Magnetic Anomaly
(BMA) is interpreted to be a series of late-stage rift-related mafic intrusions segmented
by incipient fracture zones. This interpretation is supported by the observation that the
v

BMA is independent and inboard of the East Coast Magnetic Anomaly, implying a predrift source, and that the amplitude and frequency of the anomaly change nearshore
across the Blake Spur fracture zone that divides the offshore BMA, where continental
breakup occurred, from the onshore BMA.
Basin boundaries of the SGR were revised using tilt derivative maps of gravity
and filtered magnetic data. These maps delineate the northern boundaries of the SGR in
South Carolina, and suggest the existence of a class of lenticular basins peripheral to the
SGR developed within the Piedmont (Carolina) magnetic terrane. A major crustal
boundary between the Piedmont and Charleston-Brunswick magnetic terranes in eastern
Georgia and South Carolina is proposed as the Suwannee (Alleghanian) suture. The
Tifton and McClellan magnetic anomalies are interpreted to be mega-scale mafic igneous
complexes, which are evidence of focused rift-related magmatism.
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CHAPTER 1
INTRODUCTION
The Appalachian Mountains, one of North America’s largest tectonic features, are
exposed over a distance of more than 3000 km from Alabama to Newfoundland and
extend in the subsurface eastward and southward beneath the Gulf and Atlantic Coastal
Plains. They were described by Philip King (1970) as the most elegant mountain chain on
Earth. The orogen is one of the best-studied Paleozoic mountain chains, contributing to
many foundational ideas in geology. It was, in part, examination of the Appalachians that
led Tuzo Wilson (1966) in his seminal article on plate tectonics to ask “Did the Atlantic
close and then reopen?”. Since then the Appalachians have served as a testing ground for
the application of plate tectonics theory and the role of the creation and destruction of
ocean basins over geologic time (now known as a Wilson cycle) in understanding ancient
orogens. Major concepts related to the construction of mountain chains, such as thinskinned thrusting and terrane accretion can be traced to the Appalachians. Despite the
fact that the mountain chain is now in its second or third cycle of detailed geologic
investigation, many fundamental questions remain about the evolution of the
Appalachians. Again King captures the state of things well when after remarking on the
elegance of the mountain chain, he added that “[the orogen] is full of guile, and its
geology has aroused controversies as acrimonious as any of those in our science.”
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In fact, the Appalachian Mountains record events spanning two Wilson cycles and
over one billion years of Earth history. The most recent Wilson cycle began with the
rifting of the supercontinent Rodinia in Precambrian time to form the Iapetus Ocean, and
concluded with the construction of Pangea in the late Paleozoic. The mountains that we
see today, while still impressive, are the deeply eroded core of a mountain chain that once
displayed Andean-like topography (Matmon et al., 2003). The highest topography today
exists in the southern Appalachians, where reside nearly all of the peaks with elevations
over 2000 meters, some 39 in number. Southeastern North America was at the center of
the three successive mountain building events that built the Appalachians. These
orogenies added 100s of kilometers of lithosphere to the southeastern continental margin
by the accretion of exotic terranes, and produced extensive crustal thickening and high
grade regional metamorphism as the thin-skinned Blue Ridge-Inner Piedmont allochthon
was thrust 100s of km into the foreland during continental collision between Laurentian
North America and Gondwanan Africa and South America. The southeastern North
American margin was also records the rifting and breakup of Pangea and the opening of
the Atlantic Ocean. Concealed beneath the Atlantic Coastal Plain of southern Georgia
and northern Florida, it preserves the largest rift basin in eastern North America, the
South Georgia Rift, volcanic rocks of the Central Atlantic Magmatic Province (CAMP),
one of the world’s largest igneous provinces, and the Suwannee Terrane, the only piece
of Gondwanan lithosphere known to reside in North America, a remnant of Pangea left
behind after continental breakup (e.g., Withjack et al., 2012; McHone, 2003; Hatcher et
al., 2007).
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1.1 Tectonic Background and Physiography
The southeastern North American margin (SENAM) is composed of the southern
Appalachian margin and the Atlantic margin. The Appalachian margin incorporates the
Precambrian-early Paleozoic continental margin of Laurentia of Thomas (2011) that was
deformed during Appalachian orogenesis. This continental margin is recorded in
basement extensional structures and syn- and post-rift passive margin rocks that now
outcrop in the Appalachian foreland fold and thrust belt. The Appalachian margin as
defined here also includes the regions that experienced crustal thickening during the
orogenies that deformed this ancient passive margin. The Atlantic margin refers to the
present-day continental margin of North America that formed after the breakup of
Pangea. Here Triassic-Jurassic syn-rift rocks are preserved in rift basins that underlie the
Cretaceous and younger sediments of the Atlantic Coastal Plain and continental shelf.
The southern Appalachian margin was built during two Paleozoic orogenic
events: the Devonian-Mississippian (400-345 Ma) Neoacadian orogeny, and the
Pennsylvanian-Permian (335-265 Ma) Alleghanian orogeny (e.g. Hatcher et al., 2007;
Hibbard et al., 2012). All orogenies were diachronous, with the earlier orogenies
featuring terrane accretion, and the Alleghanian orogeny resulting in closure of the
Iapetus Ocean and continent-continent collision to form Pangea. Rifting of the
supercontinent and formation of the Atlantic margin began in the Triassic (~230 Ma), as
little as 35 Ma after the amalgamation of Pangea. Extension and rift basin formation
onshore may have ceased by ~205 Ma, prior to the emplacement of CAMP, and
continental breakup occurred by the early Jurassic (~180 Ma), forming the modern
Atlantic Ocean.
3
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Figure 1.1 Lithotectonic terrane map of the southeastern North American margin. Terrane boundaries from Hatcher
et al. (2007).

Appalachian Margin
The physiographic and geologic subdivisions of the southern Appalachian margin
roughly correspond in the foreland of the orogen to the west, but diverge from one
another in the hinterland of the mountain chain to the east. From west to east, the
physiographic provinces of the exposed basement rocks are the Cumberland Plateau, the
Valley and Ridge fold and thrust belt, the crystalline Blue Ridge and Inner Piedmont, and
the accreted Carolina superterrane (see Figure 1.1).To the east of the Carolina terrane are
the onlapping sediments of the Atlantic Coastal Plain, which conceal the basement rocks
of SENAM.
The westernmost geologic province of the SENAM is the Appalachian foreland,
which includes the Cumberland Plateau and the Valley and Ridge physiographic
provinces. It consists of the Appalachian basin, a eastward-thickening wedge of platform
sedimentary rocks and synorogenic clastic wedges. These rocks are of Laurentian affinity
and record the rifting and breakup of Rodinia and the establishment of a passive margin
sequence (Hatcher et al., 2007). East of the Valley and Ridge is the metamorphic core of
the southern Appalachians that ranges from sub-chlorite to granulite facies. This includes
the Blue Ridge and the highly metamorphosed and strongly deformed the Inner
Piedmont. These geologic provinces are composed of sedimentary rocks of the Rodinian
distal continental margin and slope, along with Precambrian rocks transported as external
basement massifs (Hatcher, 2010). Other internal basement massifs of Grenville-age,
including the Pine Mountain window, lie farther to the east. These rocks have Laurentian
affinities with the exception of the Cat Square Terrane of the eastern Inner Piedmont.
This terrane formed in a restricted basin at the leading edge of the exotic Carolina
5

Superterrane before it was accreted to the Laurentian margin, but it has clastic inputs both
from Laurentia and Carolina, making the terrane peri-Laurentian in nature (Huebner et
al., 2017; Merschat & Hatcher, 2007; Dennis, 2007).
Farther east lies the Carolina Superterrane, a peri-Gondwanan terrane that
developed in the Iapetan-Rheic Oceans separating Laurentia from Gondwana. Carolina
developed proximal to Gondwana, formed a composite terrane, and accreted to Laurentia
during the Neoacadian orogeny (Hatcher, 2010; Dennis, 2016). Although debated (e.g.,
Hibbard, 2000), it is thought that initial accretion took place in the mid-Paleozoic near
New York State, north of its present-day position, and progressed as Carolina was
translated dextrally along a complex suture zone before docking to the margin around
350 Ma, then it was thrust over the margin during the Alleghanian (Hatcher, 2010;
Dennis, 2016). The superterrane contains a primitive island arc sequence comprised of a
Neoproterozoic component of intruded, mafic to felsic volcanic arc assemblages and
associated volcaniclastic sedimentary rocks, which is unconformably overlain by early
Paleozoic clastic sedimentary rocks (Hatcher, 2010). Carolina records at least three
metamorphic events, which are reflected in the set of alternating belts of high-grade and
low-grade metamorphic rocks exposed in the Carolina terrane today (Hatcher, 2010) (see
Figure 1.2). The high-grade Charlotte belt, containing amphibolite facies mineral
assembledges, is the only part of the Carolina terrane to record all three metamorphic
events (Hatcher, 2010). Low-grade metamorphic rocks of the Carolina and Eastern slate
belts are butted by the higher-grade rocks of the Kiokee and Raleigh belts.

6
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Figure 1.2 Metamorphic belts of the Carolina superterrane (combined from Hatcher and Odum, 1980; Secor et al., 1986;
Hibbard et al., 2002)

These rocks formed in an anticlinorium during Alleghanian deformation with the highgrade units at the core of the fold and the lower grade units at the periphery (Hatcher,
1989; Hatcher et al., 2007). Although, somewhat more speculative, the high-grade Uchee
belt also seems to have formed at the core of a fold during the Alleghanian (Steltenpohl et
al., 2010).
Basement Faults
Several regional basement faults with complex displacement histories are
developed within and between the lithotectonic terranes of the southern Appalachians
(see Figure 1.3). The Great Smoky fault in southern Tennessee and northern Georgia, is
the boundary between the Valley and Ridge and Blue Ridge geologic provinces. This
fault is latest Paleozoic in age and was formed in the Alleghanian during transport of the
Blue Ridge thrust sheet (Tull, 2007; Hatcher et al., 2007). The intra-terrane Hayesville
fault divides the eastern and western Blue Ridge in north Georgia and southern North
Carolina. Internal to the Blue Ridge thrust sheet, the fault is interpreted to be Taconic in
age (Hatcher et al, 1979; Rankin et al., 1989; Hatcher et al., 2007), but seismic imaging
shows the fault soling into the Alleghanian-age Appalachian decollement beneath the
Brevard fault, suggesting later reactivation (Costain et al., 1989). The Brevard fault is a
linear fault zone that extends northeastward from Alabama to Virginia, separating the
Blue Ridge from the Inner Piedmont. In Georgia and the Carolinas, it is a 1-3 km wide,
southeast dipping zone that appears listric in seismic-reflection profiles. The Brevard has
a complex history of ductile and brittle displacement, which records Neoacadian oblique
to strike-slip motion, as well as Alleghanian strike-slip and subsequent dip-slip motion
(Hatcher et al., 2007). The Brevard, along with the Central Piedmont Suture, Modoc, and
8
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Figure 1.3 Alleghanian basement faults (from Hatcher et al., 2007).

Augusta faults form part of a family of basement faults that exist today within mylonitic
zones and all record dextral strike-slip motion in the Alleghanian (Hatcher, 2002). The
Central Piedmont Suture (CPS) forms the boundary between the Carolina superterrane
and the Inner Piedmont in Georgia and the Carolinas. Although the nature of this
boundary has been debated (e.g., Hatcher et al., 2007; Hibbard et al., 2012), it is clear that
it divides lithotectonic units of different affinities, which supports the use of the term
suture in the absence of tectonic mélanges or ophiolites (e.g. Hatcher et al., 2007). Like
the Brevard, the CPS has a polyphase displacement history that records Neoacadian
transpressional motion and Alleghanian strike-slip and dip-slip movement (Hatcher et al.,
2007). The Modoc fault is located in the eastern Carolina terrane and forms the northwest
boundary of the Kiokee belt. It is one of an array of strike-slip faults called the Eastern
Piedmont Fault System that bound the Alleghanian metamorphic core (Secor et al, 1986).
The southeast boundary of the Kiokee belt is formed by the Augusta fault which records
strike-slip and both normal and reverse dip-slip motion during the Alleghanian (Maher et
al, 1994; Dennis, 2016).
Atlantic Margin
Collision to form Pangea was followed by a prolonged period of extension and
continental rifting that began as early as the Middle Triassic, but did not result in
continental breakup until the Early Jurassic (e.g., Withjack et al., 2012). In the Late
Triassic (~200 Ma), basaltic magmas were erupted over a surface area of 107 km2 in
circum-Atlantic rift basins in Europe, Africa, and North and South America, forming
CAMP (e.g. Marzoli et al., 1999; Nomade et al., 2007). In North America, Triassic rifting
is recorded in continent-derived fluvio-lacustrine strata and CAMP diabase and basalt
10

deposited in the eastern North America rift system, a series of northeast-striking, exposed
and buried rift basins that extend from the southeastern United States to the Grand Banks
of Canada. The timing of rifting along the Atlantic margin is constrained by the ages of
growth strata in these rift basins, which indicate that rifting began in the south and
progressed northward (Withjack et al., 2012). The largest and oldest basin in the system
is the South Georgia Rift (SGR) basin, where extension took place from ~230 to 205 Ma.
Today, the SGR lies buried beneath the Atlantic coastal plain of SENAM in Alabama,
Georgia, South Carolina, and northern Florida.
Sub-Coastal Plain and Continental Margin Basement
A sizable portion of the southern Appalachians, along with all of the basement
rocks of the Atlantic margin of SENAM are buried beneath the Gulf and Atlantic Coastal
Plain and continental shelf. Basement is defined after Rankin et al. (1989) as rocks
separated in age from overlying rocks by sufficient time to become more highly lithified
than the younger rocks, or rocks that have been affected by an orogenic event so that
these rocks react differently from younger cover rocks in any subsequent deformation. In
SENAM, basement rocks are pre-Cretaceous in age. To the southeast of the Fall Line,
which marks the onlap of coastal plain sediments, Appalachian structures and terranes are
truncated, and these rocks along with those that record Mesozoic rifting, CAMP, and
formation of the Atlantic rifted margin exist only in subcrop. Because these rocks are not
exposed and are known only from limited drill data, the nature and southeastward extent
of southern Appalachian terranes, as well as the SGR and CAMP magmatism remain
speculative. The density of boreholes that penetrate pre-Cretaceous basement below the
coastal plain is very low (see Figure 1.4); therefore, geophysical surveys have become
11
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Figure 1.4. Location map for coastal plain wells that penetrate pre-Cretaceous basement rocks.

important for revealing the nature of crustal material and the distribution of Appalachian
and Atlantic basement structures and terranes buried here. Although seismic data is the
most reliable geophysical data set for imaging and inferring the nature of the crust,
seismic coverage in SENAM is sparse. The pre-Cretaceous basement subcrop is best
revealed with high-quality, densely sampled aeromagnetic and gravity data (together
called potential field data).
These data provide information about the crust down to at least 35 km depth, well
below the relatively thin sedimentary cover between the Fall Line and the outer
continental shelf, and have proved useful for providing limits on the shape and
continuityof buried Appalachian basement terranes, many of which are defined only on
the basis of their magnetic signature (see Figure 1.5). Aeromagnetic and gravity data also
have been used to define major geophysical boundaries and structures in the exposed
southern Appalachians and the distal Atlantic margin offshore. The magnetic signature of
the exposed Carolina superterrane continues eastward uninterrupted by the cover of
Coastal Plain sediments (see Figure 1.5). East of the Carolina terrane, the magnetically
defined Charleston-Brunswick terrane occurs in the subsurface of South Carolina and
Georgia. Like Carolina, it is interpreted to be another peri-Gondwanan component
(Mueller et al., 2015). The subsurface Suwannee terrane of southern Georgia, southern
Alabama, and northern Florida also is defined by magnetics, and contains Gondwanan
basement and sedimentary cover (Pojeta et al., 1976; Mueller et al., 1994). Separating
these two terranes is an east-west-trending suture zone called the Suwannee-Wiggins
suture that has been interpreted as the Alleghanian suture (Chowns and Williams, 1983).

13

Figure 1.5 Magnetic terrane map. Terrane boundaries, Brunswick Magnetic Anomaly
(BMA), and East Coast Magnetic Anaomly (ECMA) are drawn (black lines) on total
magnetic intensity (from Hatcher et al., 2007). NY-AL Lineament (black) (King and
Zietz, 1978) and Higgins and Zietz Line (red) (Higgins and Zietz, 1983) are shown.
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Drilling data support the existence of a boundary in the subsurface that separates
Gondwanan rocks from those of peri-Gondwanan affinity, and is roughly coincident with
the onshore portion of the Brunswick magnetic anomaly (BMA) (Chowns and Williams,
1983) (see Figure 1.5).
The BMA is one of several geophysical features in SENAM defined on the basis
of magnetic and-or gravity data that form a tectonic framework for the evolution of
SENAM. The enigmatic BMA is a prominent linear negative magnetic anomaly that
trends north-south offshore, parallel to the continental margin, then as it comes onshore
near Brunswick, Georgia, it changes strike becoming east-west. From there it continues
west across southern Georgia before being truncated by the Appalachian structural trend
in Alabama. The BMA has been interpreted as the geophysical expression of the
Suwannee-Wiggins suture (McBride and Nelson, 1988), but it also has been interpreted
as a rift-related feature (McBride and Nelson, 1988; Hutchinson et al., 1983). Parallel to
the offshore BMA is the East Coast magnetic anomaly (ECMA) and corresponding
gravity anomaly (see Figures 1.5 and 1.6), which is continuous from Georgia to Nova
Scotia, Canada. ECMA is generally agreed to mark the landward limit of oceanic crust
and the locus of the onset of Atlantic seafloor spreading (Hutchinson et al., 1983; Bird et
al., 2007). Therefore, ECMA is the easternmost tectonic boundary in SENAM, marking
the ocean-continent transition.
The subsurface New York-Alabama lineament marks the westernmost tectonic
boundary. It was first recognized by King and Zietz (1978) as a prominent boundary in
aeromagnetic data underlying part of the western Appalachians, but it is also
recognizable in regional gravity data. This feature is interpreted to be a major
15

Figure 1.6 Bouguer gravity map. Appalachian Paired Gravity Anomaly (Appalachian
Gravity Low and East Coast Gravity High) is shown. Black line shows the approximate
location of the maximum in the Appalachian gravity gradient.
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pre-Paleozoic tectonic boundary that formed during the Grenville orogeny (Hatcher et al.,
2007). The Appalachian paired gravity anomaly is a prominent positive-negative
Bouguer gravity anomaly that extends along the full length of the southern Appalachians
and comprises the Appalachian gravity low, located in the Blue Ridge, and the East Coast
gravity high of the Inner Piedmont (see Figure 1.6). The transition between the two is the
Appalachian gravity gradient, which is about 100 km wide and continuous for 2,500 km
from Alabama to Quebec, Canada. It is interpreted as a boundary associated with
Paleozoic continental collision that separates crusts of contrasting density or thickness
(Thomas, 1983). The Higgins-Zietz (1983) line is formed by the nearly straight boundary
between the magnetic Piedmont-Carolina terrane and the Charleston-Brunswick magnetic
terrane in South Carolina and Georgia, the northwestern margin of the BMA, and the
southern margin of the magnetically high terrane northwest of the NY-AL lineament in
Alabama. It has been interpreted by Higginz and Zietz (1983) to be the Alleghanian
suture between Gondwana and Laurentia, and a major, magnetically defined strike-slip
fault called the Carolina-Mississippi fault.
With respect to the boundaries and extents of sub-coastal plain basement terranes
in SENAM, potential field data have contributed the most to our current understanding,
with a small number of drill holes providing information on rock types and material for
age dating. In contrast, potential field data have been little used to map the extent of the
SGR and CAMP, where borehole and seismic data have played a greater role. The current
understanding of the distribution of synrift sediments and crustal thinning associated with
the SGR is limited by the sparsity of these data, but also has been inferred from
examination of other exposed Triassic rift basins, such as the mid-Atlantic Newark basin.
17

CAMP volcanic rocks have been sampled in drill core and are exposed in SENAM as a
system of diabase dikes that intrude rocks of the Carolina and Inner Piedmont terranes
and are traceable beneath the coastal plain from magnetic data, but our understanding of
the distribution of CAMP is also limited.
From COCORP seismic reflection and well data, the SGR appears to be a system
of asymmetric minibasins that may be up to 10 km deep, but the boundaries of the rift
system are poorly constrained and known primarily from well data (Chowns and
Williams, 1983; McBride et al., 1987). Crustal thickness estimates have been made from
passive source seismic imaging (Parker et al., 2013; Hopper et al., 2007) and from Moho
reflections in COCORP reflection seismic profiles. Dating of stratigraphy surrounding
CAMP volcanic rocks suggest that emplacement occurred over a large area in a time
period less than a million years (Nomade et al., 2007), but constraints on the distribution
and volume of CAMP magmatism in the crust are very limited and are based primarily on
shallow intrusions (e.g. McHone, 2003).
1.2 Geophysical Data and Methods
Geophysical surveys have played a key role in advancing our understanding of the
Appalachian and Atlantic margins of SENAM (see Figure 1.7). Geologic data and maps
provide the boundary conditions that any interpretation of geophysical data must satisfy,
but geophysical data including refraction and reflection seismology, and potential fields
have helped to extend surface geological features beyond the surface and project rock
types and structures into the subsurface to depths beyond the reach of drilling.
Geophysical data have been used to test tectonic models, and to construct a multi-scale
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Figure 1.7 Geophysical survey map for southeastern North America. See map legend for survey types, names, and
references. Symbols refer to seismic refraction surveys.

tectonic framework for the synthesis of diverse geological observations and
interpretations.
Seismic Data
Refraction and reflection seismic data involve the propagation of compressional
acoustic teleseismic waves (P-waves) into the subsurface. The waves are reflected and
refracted back to the surface and recorded by geophones. The reflections and refractions
occur at interfaces in the subsurface with contrasting acoustical properties and that are
assumed to be geological in nature. Refraction seismology uses travel-time delaysfrom Pwaves generated by earthquakes or synthetic sources calculated with respect to a wave
front propagating across a geophone network to determine variations in crust and upper
mantle velocity structure. In a region characterized by low seismic velocity, travel time
delays are large relative to regions of high velocity. The velocity structure of the crust can
be related to changes in rock type, heat flow, and the presence of fluids. In comparison
with reflection seismic data, refraction data are lower resolution, and are generally used
to constrain crustal thickness and the gross geometry of crustal units.
Reflection seismic data provide the highest resolution of crustal and upper mantle
structure of any common geophysical technique and can image detailed crustal geometry
that can be correlated with known surface geology. Reflection seismology relies on dense
arrays of geophones to record normal-incidence P-waves generated from synthetic
sources that propagate into the subsurface and reflect from boundaries between rock
types of different acoustic properties. The nature of the reflection depends on contrasts in
the products of rock velocity and density between adjacent rock units. Raw seismic
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reflection data are computer processed using survey geometry and velocity information to
produced detailed images of the subsurface.
One of the earliest applications of regional seismic surveys to the study of
mountain belts and continental margins is the COCORP and Seisdata reflection surveys
along SENAM acquired in the 1980s. These surveys extend from the Valley and Ridge
province across the entire Blue Ridge, Inner Piedmont, and Atlantic Coastal Plain, and
have made major contributions to our understanding of the geometry of the thin-skinned
Blue Ridge-Inner Piedmont megathrust sheet and buried rift basins. Another smaller but
important reflection survey was collected over the Blue Ridge and Inner Piedmont in
northwestern South Carolina at the Appalachian Ultradeep Core Hole (ADCOH) site in
1987. Several surveys have collected seismic refraction point soundings through the
2000s, and the recent Southastern Suture of the Appalachian Margin Experiment
(SESAME) and Suwannee and Georgia Rift Basin Experiment (SUGAR) refraction
profiles were acquired as part of EarthScope since 2010.
Despite the importance of these seismic data sets, compared to the area of the
combined outcrop and subcrop of SENAM basement rocks, data coverage is sparse. In
addition, seismic reflection data of a recent vintage, which have the advantage of the
many improvements made since the 1980s in survey design and data processing
methodologies, is lacking.
Potential Field Data
Gravity and magnetic anomalies are caused by variations in the Earth’s
gravitational and geomagnetic fields due to rocks underlying the geophysical survey area.
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The word “anomaly” implies comparison to a reference standard. Therefore, an anomaly
map is a “difference” map showing the difference in gravitational or magnetic intensity
units between a reference model and the observed field. Variations in the gravity field
depend on the mass (density and volume) of rocks, and variations in the magnetic field
depend on the geometry, depth, and magnetic properties of rocks. Earth’s gravity and
magnetic fields, respectively, are monopolar and dipolar diffusive and wave fields
produced by the mass of the Earth and the rotation of charge in the Earth’s outer core
called the geodynamo (Fairhead, 2004). Both fields are considered potential fields
because no dissipative losses of energy occur when a body moves form one point to
another, and therefore potential energy is conserved and depends only on the body’s
position, not the path along which the body moved. Earth’s gravity field has been stable
over geologic time, but its magnetic field is subject to frequent changes, including
polarity reversals (Fairhead, 2004).
Fundamentally, gravity and magnetic anomalies are caused by lateral rather than
vertical contrasts in density and magnetization. Density is a scaler quantity, meaning that
it has only magnitude. Magnetization has both magnitude and direction, and thus is a
vector quantity. Rocks that contain minerals of high magnetic susceptibility become
positively or negatively magnetized in Earth’s main dipole field and produce a secondary
induced field. Magnetic anomalies are the vector sum of this induced field and any
remanent magnetization. Remanent magnetization depends on the history of a rock, and
is created when magnetic minerals record a paleomagnetic field, different from Earth’s
present-day field.
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Because the gravity field is a monopole, the relationship between the geometry of
the anomaly source and the calculated anomaly is different from that of the magnetic
anomalies, which are caused by a dipolar field. Because of its monopole-source nature,
the amplitude of a gravity anomaly is proportional to a scale change, meaning that if the
size or density contrast of a source is doubled the amplitude of the anomaly will also
double. This scaling relationship does not hold for the amplitude of magnetic anomalies,
in part because the magnetic effect of a source depends on the surface area of the
magnetic interface, not the bulk volume. The field type also effects the rate at which the
amplitude of an anomaly diminishes with depth. For a given source geometry the
resulting magnetic anomaly will decay with depth more quickly as compared with a
gravity anomaly resulting from the same source.
In addition to the amplitude of a gravity or magnetic anomaly, the frequency
content of the anomaly can change depending on the depth to source. For a given source
geometry, greater depths result in lower frequency, longer wavelength anomalies,
whereas shallower depths result in higher frequency, shorter wavelength anomalies.
Source geometry, however, also affects the frequency content of potential field
anomalies. Large shallow sources produce low-frequency, long-wave anomalies, and
smaller shallow sources produce high-frequency, short-wave anomalies. Therefore, any
anomaly can be modeled with a deep or shallow source by varying the geometry of the
source body. This is why potential fields methods are said to yield multiple non-unique
interpretations, and they are more reliable when used in combination with other geologic
or geophysical data that provide independent constraints on interpretations.

23

Potential field surveys are relatively inexpensive to collect as compared with
seismic surveys, and many high-quality gravity and aeromagnetic surveys have been
collected by state geological surveys and the U.S. Geological Survey (USGS) over the
past five decades, providing blanket coverage with high sampling density throughout
SENAM. Gravity station spacing is about 3 km in the Coastal Plain, and about 5 km in
the exposed Appalachian terranes. Aeromagnetic flight line spacing is about 1.5 km
onshore and 3 km offshore.
1.3 Discussion and Organization
Despite the quality of potential field data sets in SENAM, modern tectonic studies
utilizing gravity and magnetics are lacking. This dissertation leverages the coverage and
sampling density of potential field data in the region and employs a variety of state-ofthe-art forward and inverse modeling methods, along with mathematical transforms of
total field data, frequency domain filtering, and visualization techniques to shed new light
on lingering controversies concerning the tectonic evolution of the Appalachian
hinterland and Atlantic rifted margin of southeastern North America. Three integrated
potential field profiles were located along key traverses coincident with recently acquired
or reprocessed seismic reflection or refraction surveys (see Figure 1.8). Potential field
models are calibrated using geological and other geophysical data to provide independent
constraint on models. The models then are extrapolated to locations without control from
seismic or borehole data, or surface geology.
In contrast to geologic evidence for transpression during the Alleghanian,
reflection seismic data images a shallow reflective detachment (the Appalachian
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Figure 1.8 Locations of regional 2D potential field model profiles. Profiles traverse the exposed lithotectonic terranes of
the southern Appalachians (black lines) and the magnetic terranes of the Atlantic Coastal Plain. Profiles also span the
South Georgia Rift basin, shown in beige (Heffner, 2012).

decollement) that implies thin-skinned accretion and thrusting of the highly
metamorphosed Inner Piedmont and western Carolina terrane, raising persistent questions
about the structural style of Alleghanian deformation in the context of the uplift and
exhumation history of these metamorphic rocks. Questions also remain about the nature
and existence of terrane boundaries beneath the coastal plain, including the extent and
affinity of the Charleston/Brunswick and Suwannee terranes. One boundary of interest
and debate is the Alleghanian suture that separates pre-Alleghanian Laurentia from
terranes of Gondwanan affinity that accreted to Laurentia during the final orogeny that
built the southern Appalachians. The Suwannee-Wiggins suture, the onshore BMA, and
the Higgins-Zietz Line have been proposed as the Alleghanian suture. Recent findings
supported by seismic and well data suggest that the suture lies north ofthe BMA, raising
questions about the origin and tectonic significance of the BMA itself, but no agreement
exists on its location.
The extent and structure of the SGR is poorly constrained by limited seismic and
well data, yet despite its coverage, potential field data has been underutilized in helping
to define the boundaries of the basin system and intrabasinal structures. Finally, very few
constraints exist on the distribution and volume of CAMP magmatic intrusions, and
questions about the origin and style of magmatism remain unanswered.
This dissertation is organized into three chapters, each one written as a manuscript
intended for peer-review publication, and a concluding chapter. In Chapter 2, an
integrated potential field forward model is used to test models of the Blue Ridge-Inner
Piedmont allochthon based on interpretations of COCORP and ADCOH reflection
seismic data. Results confirm the importance of low-angle basement thrust faults in
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producing Alleghanian uplift and exhumation. The Appalachian paired gravity anomaly
is explained by an increase in crustal thickness and a decrease in upper crustal density
northwest of the Carolina superterrane. In Chapter 3, frequency filtered magnetic maps,
an integrated forward model, and Euler inverse modeling results are used to describe the
geophysical expression of the BMA, and provide a unified geologic interpretation for the
anomaly. Results suggest that a series of late-stage rift-related mafic intrusions are the
source of the anomaly. In Chapter 4, a series of forward models are used in combination
with basement surface maps, and derivative and frequency filtered potential field maps to
place new constraints on terrane boundaries and basement structures buried beneath the
Atlantic Coastal Plain. Results suggest a more limited extent of the SGR, as well as a
revised boundary between the Piedmont-Carolina and Charleston-Brunswick magnetic
terranes.
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CHAPTER 2
REINTERPRETATION OF ADCOH AND COCORP SEISMIC
REFLECTION DATA WITH CONSTRAINTS FROM DETAILED
FORWARD MODELING OF POTENTIAL FIELD DATA –
IMPLICATIONS FOR LAURENTIA-PERI-GONDWANA SUTURE 1
2.1 Introduction
The southeastern North American margin has experienced polyphase tectonism
from the Grenville orogeny and the assembly of the supercontinent Rodinia (1.2-1.0 Ga)
to the Alleghanian orogeny (330-260 Ma) encompassing at least one Wilson cycle
(Hatcher et al., 2007). The southern Appalachian Mountains are the product of at least
four orogenic events during this cycle: the Grenville orogeny, the late Ordovician-early
Silurian Cherokee orogeny, the Late Devonian-Mississippian Neoacadian orogeny, and
the Pennsylvanian Alleghanian orogeny (Hibbard et al., 2002; Hatcher et al., 2007;
Hatcher, 2010). Subsequent to these orogenic events, Triassic to Jurassic rifting resulted
in the opening of the Atlantic Ocean and the initiation of the modern passive margin
(Schettino and Turco, 2009). The result of repeated tectonism along the southeastern
Appalachian margin is an amalgamation of lithotectonic terranes of Laurentian and periGondwanan affinity that have been accreted onto Grenville basement. Many of these
outboard terranes are now covered by coastal plain sediments
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Duff, P.D., and Kellogg, J.N., 2017, Tectonophysics. 712-713: 426-437. Reprinted here
with permission of publisher.
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Figure 2.1 Terrane Map of Southern Appalachians, including accreted terranes (modified
from Steltenpohl, et al., 2008). The black box locates Figures 2 and 5a. HZ- Higgins and
Zietz line, AF – Augusta Fault
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(see Figure 2.1). Constraints on these tectonic events are derived from geological and
geochemical observations, gravity and magnetic anomaly data, and from "active-source"
seismic reflection, refraction and wide-angle reflection studies, and "passive-source"
studies based on receiver-function analysis (Hack, 1982; Hutchinson et al., 1983; Iverson
and Smithson, 1983; Prodehl et al., 1984; Nelson et al., 1985; Hubbard et al., 1991;
Aleinikoff et al., 1995; Loewy et al., 2003; Cook and Vasudevan, 2006; Miller et al.,
2006; Hawman, 2008; Anderson and Moecher, 2009; Fisher et al., 2010, Wagner et al.
2012, Parker, et al. 2013).
Despite being a well-studied margin, many questions regarding the tectonic
evolution of the southeastern North American margin remain unresolved. Some of these
questions relate to locating important tectonic boundaries and sutures, including the
contacts between Grenville basement and terranes of peri-Laurentian, peri-Gondwanan,
and Gondwanan affinities. This is made difficult by the fact that Alleghanian
deformation has offset the location of these boundaries in the upper crust from their
location in the lower crust, and that in some cases the onlapping Atlantic coastal plain
prevents direct observation of these boundaries. Lastly, there has been disagreement over
the fundamentals of Alleghanian geodynamics and thrust kinematics, including the
polarity of subduction of Rheic ocean crust and the orientation of the collision between
Laurentia and Gondwana (e.g., Sacks and Secor, 1990; Hatcher, 2002; Mueller et al.,
2014; Gaertner, et al., 2016).
This study builds on the current understanding of the southern Appalachians by
offering a regional geologic profile that integrates published geologic and seismic data
for the first time with a realistic potential field model. The study also includes a
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retrodeformational model to produce a structurally realistic image of the pre-Alleghanian
tectonic configuration for the southeastern North American margin. It further
incorporates the first published 3D Euler deconvolution results for the region. The model
profile traverses the orogen from the Valley and Ridge to the Coastal Plain of South
Carolina. It incorporates the Laurentian-peri-Gondwanan suture zone and structures
beneath the Blue Ridge-Inner Piedmont allochthon. For the first time, geologically
realistic densities and magnetic susceptibilities constrained by seismic reflection and
refraction data, are used to predict the crustal structure of the Laurentian-peri-Gondwanan
suture zone. The model focuses on features of the Blue Ridge, Inner Piedmont, and
Carolina terranes, but it extends beyond these to form a coherent cross section from the
Valley and Ridge to the Coastal Plain.
The model uses recently acquired or reprocessed datasets, and results test existing
interpretations related to the structure of the Southern Appalachians, including footwall
structures beneath the Blue Ridge and Inner Piedmont thrust sheets, terrane boundaries
beneath the Appalachian decollement, the geometry of the Central Piedmont Suture
(CPS), the eastern extent of Grenville basement, and the source of the Appalachian paired
gravity anomaly.
2.2 Previous Geophysical Work
Geophysical constraints on the structure of the Appalachians and Piedmont come
from a number of active- and passive-source seismic reflection and refraction surveys.
Consortium for Continental Reflection Profiling (COCORP) acquired active-source,
normal-incidence seismic reflection data along several NW-SE trending profiles in
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Georgia between 1978 and 1985, and these data were reprocessed by Cook and
Vasudevan (2006). Their results (Figure 2.3) show a highly reflective lower crust and
Moho beneath the coastal plain and Carolina terrane, but little to no reflectivity in the
mid- or lower crust beneath the Inner Piedmont or Blue Ridge. In contrast, the 1985
active-source, normal-incidence Appalachian ultra-deep core hole (ADCOH) profiles,
located slightly farther to the north, do show significant reflectivity in the mid- and lower
crust beneath the Inner Piedmont (Hubbard et al., 1991). While the Moho is not
resolvable on most of the ADCOH lines, a number of mid-crustal arrivals are visible,
indicating generally high reflectivity throughout the region.
Crustal and sub-crustal velocities are constrained by a 1965 U.S. Geological
Survey (USGS) active-source seismic refraction and wide-angle reflection survey in
eastern Tennessee that was reexamined by Prodehl et al. (1984). The survey consisted of
two 400-km-long refraction lines with shot points on the ends and two intermediate
points per line (Borcherdt and Roller, 1966). Prodehl et al. (1984) found overall fast
crustal velocities in three distinct layers: a shallow 10–20-km-thick layer with Vp = 6.1
km/s, a middle crust extending to ~40 km depth with velocities of ~6.7 km/s, and a fast
lower crust (7.3 km/s) underlain by a somewhat slow upper mantle (7.9 km/s) at depths
of ~50 km beneath the Appalachians. These crustal thicknesses are consistent with recent
work by Hawman (1996; 2008) and Hawman et al. (2012), who used wide-angle
reflections from quarry blasts to constrain crustal thickness and average velocities across
much of the southern Appalachians, and " passive-source" studies based on receiverfunction analysis of waveforms generated by earthquakes (Wagner et al., 2012;
Southeastern Suture of the Appalachian Margin Experiment (SESAME) results reported
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by Parker et al., 2013 & 2015). These results suggest average crustal velocities of ~6.6
km/s, and crustal thicknesses in our study area of between 37 and 58 km.
In addition to seismic studies, several simple density models have been developed
to explain the gravity anomalies and crustal structure of the southern Appalachians
(Thomas, 1983; Favret and Williams, 1988; West, 1998). The dominant feature in this
area is the coupled Bouguer Appalachian Gravity Low and the East Coast Gravity High
(Figure 2.2), which extends along the full length of the southern Appalachians. The
gravity low is located close to, but just east of, the Blue Ridge Escarpment, an abrupt rise
in elevation between the Piedmont and Blue Ridge geologic provinces. The escarpment
locally coincides with the Brevard fault zone, but over most of its length, there are rocks
of similar composition on both sides of the fault. Previous modeling of the Appalachian
paired gravity anomaly by Thomas (1983) and West (1998) explains the observed gravity
gradient with variations in crustal thickness or with a high density dipping suture zone,
but did not contend with simultaneous contributions from both. Local gravity anomalies
within the Blue Ridge have been interpreted by Favret and Williams (1988) as
seismically observed graben structures within the Grenville basement remnant from the
break-up of Rodinia. The allochthonous nature of the upper crust, with Alleghanian
displacement estimates ranging from <100 km (Keller and Hatcher, 1999) to over 250 km
(Rankin et al., 1989), results in a smearing of terrane boundaries, and makes it difficult to
link structures observed at the surface with seismically imaged structures beneath the
Blue Ridge-Inner Piedmont allochthon.
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Figure 2.2 Bouguer Gravity Map of Study Area. The Appalachian Gravity Low (AGL)
and the East Coast Gravity High (ECGH) that comprise the Appalachian Paired Gravity
Anomaly are indicated. The model profile line is A to A’. Regional COCORP and
ADCOH seismic reflection lines, TN-1, GA-1, GA-5, GA-8, and ADCOH-1 and
ADCOH-3, are located. Locations are shown for regional active-source seismic refraction
and wide-angle reflection measurements (Prodehl, et al., 1984; Luetgert,et al., 1994;
Hawman, 1996; Hawman, 2008), and passive-source results from receiver-function
analyses (Parker, et al., 2013). Major structural features are indicated: Great Smoky
Mountain Thrust (GSMT), Brevard Zone, Central Piedmont Suture (CPS), Augusta Fault
(AF). The Higgins and Zietz (HZ) line is shown as a hatched line
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2.3 Data and Methodology
Forward Modeling of Potential Field Data
The forward and inverse models presented in this paper are simultaneously
constrained by potential field data, seismic reflection and refraction results, and surface
geology. Seismic reflection data used in the model are from reprocessed COCORP (Cook
and Vesudevan, 2006) and ADCOH profiles (Coruh et al., 1987). Active-source seismic
refraction, wide-angle reflection, and passive-source receiver function data used include
USGS data (Prodehl, et al., 1984), data from Hawman and others (Hawman, 2008;
Hawman, et al., 2012), and EarthScope SESAME data (Wagner, et al., 2012; Parker, et
al., 2013). The 16- and 8-second records of the COCORP and ADCOH 2D seismic
reflection lines (Figure 2.3) were stitched together and projected parallel to the local
structural strike and potential field anomalies and perpendicular to the seismic profiles.
The crustal scale records were then depth approximated assuming average crustal
velocities of 6.5 km/s (Hawman, 2008). The seismic profiles were then loaded as a
backdrop into the gravity/magnetic model profile. Potential field data used for the
forward modeling is USGS aeromagnetic and land gravity for South Carolina acquired
from 1958 to 1978 and regional data acquired from the United States Geological Survey
U.S. Gravity Database and the North American Magnetic Map maintained at the
University of Texas El Paso (U.S. Gravity Database
http://research.utep.edu/default.aspx?tabid=37229, North American Magnetic Database
http://research.utep.edu/Default.aspx?tabid=38747, USGS South Carolina Gravity and
Magnetic Data https://pubs.usgs.gov/of/2005/1022/). In South Carolina, the aeromagnetic
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survey flight line spacing is 1.5 km; the land gravity data has an average spatial
resolution of ~ 5 km. The aeromagnetic data was gridded to a 0.5 km cell size, and the
land gravity data was gridded to 2 km cell size.
Model polygons were created based on the seismically defined divisions within
the Blue Ridge Inner Piedmont (BRIP) allochthon. Average rock densities (Table 2.1)
were taken from Warren et al. (1966), Ginzburg et al. (1983), Christensen (1989), and
Johnson and Christensen (1992), from laboratory measurements and seismic velocities
using Nafe-Drake equations (Ludwig, et al., 1970), and 15 new outcrop samples collected
for this project representing 10 different Inner Piedmont and Carolina terrane lithologies
(supplemental material). The field samples were disaggregated into 20 sub-samples per
lithologic unit and were tested to determine their specific gravity in deionized water.
Average magnetic susceptibilities were based on literature review and laboratory
measurements of Piedmont rocks in the Haile gold mine area by Romarco Minerals, Inc.
(Cumbest et al., 1992). The 2D profile was then simultaneously modeled for gravity and
magnetics within Geosoft GM-SYS software using an iterative approach where polygon
geometries, as well as density and magnetic susceptibility values were varied to produce
consistent, geologically plausible solutions whose calculated anomalies best fit the
observed anomalies. GM-SYS software incorporates the methodology of Talwani et al.
(1959) and Talwani and Heirtzler (1964) for computing the gravitational and magnetic
response for a given polygon geometry and assigned density and magnetic susceptibility.
The 2D profile can accurately model the crust despite the 2D assumption because of the
linear nature of the anomalies, the orientation of the profile, and the independent
constraints from other geophysical data. The anomalies associated with structures
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beneath the Blue Ridge-Inner Piedmont allochthon are large-scale linear features parallel
to orogenic strike. They extend for over 150 km to the NE of the profile and at least 75
km to the SW of the profile (Figure 2.2). The profile is oriented NW-SE, orthogonal to
orogenic strike, and therefore does not traverse the anomalies at an oblique angle. Since
the anomalies do not appear to be 3D features based on the potential field data, as well as
other geophysical data, and since they extend for 10s of kilometers on either side of the
profile, the 2D assumption is not a source of significant error in the model. Units within
the BRIP allochthon northwest of the CPS were undifferentiated magnetically, and were
therefore not modeled magnetically, but rather by seismic reflection and gravity data.
Euler Deconvolution
The gridded potential field data was inversely modeled in 3D using the Euler
deconvolution method. Euler deconvolution estimates the depth and location of a
magnetic source by examining the rate of change of the magnetic field as a function of
distance (Thompson, 1982; Reid et al., 1990). This technique can be applied to profile or
grid data to solve for Euler’s Homogeneity Equation:
(x-x0) dF/dx + (y-y0) dF/dy + (z-z0) dF/dz = N (B-F),
where x0, y0, z0 is the source location whose magnetic field is F, measured at point x, y, z.
B is the regional value of the Total Field. N is the Euler’s structural index (SI), which
characterizes the source’s geometry. The SI can be varied from zero to three: 0 (contact
of infinite depth), 1 (dike), 2 (pipe), and 3 (sphere).
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Figure 2.3. COCORP and ADCOH reflection seismic data. (a) Migrated uninterpreted merged COCORP and ADCOH reflection
seismic data. The ADCOH 8 second seismic record is merged with the 16 second COCORP data and loaded into modeling software
as a backdrop. (b) Interpretation of the seismic data (modified from Cook and Vesudevan, 2006). Seismically-defined crustal units
were used as direct input for density/magnetic model (Figure 4). See Figure 2 for location of the seismic profiles.

Table 2.1. Table of densities and magnetic susceptibilities used in Forward Modeling. Thomas Tuten and James Berry (2013) personal
communication.
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The Euler method also yields estimates of the standard deviation of z0. This quantity σ0
is treated as an “error bar” on the depth estimate and forms the basis for an algorithm that
determines whether or not a depth estimate is to be retained. This feature permits an
uncertainty level in the depth estimate to be set such that all solutions falling below that
threshold are discarded.
For this study, deconvolution maps were created by varying the structural index
from 0-3 and the uncertainty from 5-15 percent. The window size, which is the number of
grid cells in the x- and y-dimensions in which Euler’s Homogeneity Equation is
evaluated, was varied from 10 to 40 cells, which corresponds to 5 to 20 km.
Uplift and Exhumation
Published crystallization ages, and pressure-temperature conditions were
compiled (Table 2.2) to estimate paleo-topography, timing of deformation, and the uplift
and exhumation history of the southeastern Appalachian margin, including the Blue
Ridge, Piedmont, and Carolina Super Terrane. Referenced samples were graphed on a
time versus depth-pressure-temperature plot from 400-250 Ma, spanning deformation
associated with the docking of the Carolina Superterrane and subsequent Alleghanian
collision. All data points come from samples acquired in the southern Appalachians, in
either North Carolina, South Carolina, or Georgia. Estimates of depth of burial at the
time of crystallization were then made based on a pressure-temperature-depth
relationship. A geothermal gradient of 40 ± 10 ° C / km was assumed (Dallmeyer et al.,
1986; Evans and Battles, 1999; Snoke and Frost, 1990; Vyhnal and McSween, 1990).
Pressures were assumed to be lithostatic, with a pressure gradient of 260 bars / km
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(Snoke and Frost, 1990). In some cases pressure or temperature information was lacking
for a given reference, so depth estimates rely only on one measurement, pressure or
temperature. Ranges in pressure or temperature measurements are represented
graphically by uncertainty bars. In other cases, depth estimates differed for the same
reference based on whether pressure or temperature was used to make the estimate.
When this occurred, both measurements were incorporated and also were represented
graphically by uncertainty bars. Uncertainty in depth of burial also comes from variance
in the geothermal gradient. All sources of uncertainty are represented in the error bars for
Figure 2.6.
Retrodeformational Model
Structural modeling presents a schematic image of the pre-Alleghanian tectonic
configuration of the southeastern North American margin to test whether observed uplift
and exhumation can be accommodated on low angle thrust faults associated with
Appalachian orogenesis, or whether unroofing of metamorphic core complexes by
normal faulting is required. The post-Alleghanian structural model was created from the
seismically and geologically constrained 2D potential field forward model profile. The
pre-Alleghanian retrodeformational model was created by modifying the postdeformational model assuming simple shear in order to create a structurally realistic
tectonic configuration.
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Table 2.2. Table of pressure, temperature, depth, age references used to constrain exhumation
and uplift for the Blue Ridge, Inner Piedmont, and Carolina Super Terrane. Results are plotted in
Figure 2.6.
Reference #

Author

Location

1

(Shervais, et al., 2003)

2

(Snoke and Frost,
1990)

Charlotte Belt eclogite –
granulite - amphibolite
Carolina Terrane
Lake Murray

3

(Dallmeyer et al., 1986)

4

(Snoke and Frost,
1990)
(Snoke and Frost,
1990)
(Snoke and Frost,
1990)
(Dainty and Frazier,
1984, Stormer et al,
1980
(Merschat et al., 2012)

5
6
7
8

Carolina Terrane (Charlotte
Belt)
Carolina Terrane
Lake Murray
Carolina Terrane
Lake Murray
Carolina Terrane
Lake Murray
Inner Piedmont

Temp
(°C)
650 800
645-695

Pressure
(kbar)
9-12

Depth
(km)
18 ± 7 T
38 P
30 ± 2 P
17 ± 5 T

Age (Ma)

Page #

480 ± 70

1

420

869

500

12.5 ± 4

345 ± 5

1342

675 ± 25

17 ± 5

303 ± 12

872

500 ± 25

12.5 ± 4

295 ± 5

872

300 ± 25

7.5 ± 3

283 ± 5

872

18 ± 6

360 ± 40

1169

345-360

181

360
359
345
312 ± 4
298 ± 2
265 ± 5
453 ± 10

1
319
1
319
1341
1341

360

21

7.2-8.2

9
10
11
12
13
14
15

(Gilliam, 2010) Thesis
(Dennis, 2007)
(Gilliam, 2010) Thesis
Dennis 2007
(Dallmeyer et al., 1986)
(Dallmeyer et al., 1986)
(Corrie and Kohn,
2007)

Inner Piedmont
Inner Piedmont
Inner Piedmont
Inner Piedmont
Inner Piedmont
Inner Piedmont
Blue Ridge

690-710
500
570-620
400
500
300
600

16

(Tollo et al., 2012,
Stokes et al., 2010)
(Tollo et al., 2012,
Stokes et al., 2010)

Blue Ridge

500

T 18 ± 8
P 19
19 ± 5
12.5 ± 4
14 ± 3
10 ± 3
12.5 ± 4
7.5 ± 3
T 16 ± 4
P 27 ± 4
21 ± 10
12.5 ± 4

Blue Ridge

150

4±1

260

21

18

(Tull et al., 2012)

Blue Ridge Murphy Belt N
Carolina

425-540
p155

4-4.5

T 12 ± 4
P 16 ± 1
14 ± 4
17 ± 10

360-335

155,163

19

(Tull et al., 2012)
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3.3 Results and Discussion
Crustal Structure of Piedmont and Blue Ridge
The Piedmont forward model profile (Figure 2.4) is 300 km long, spanning the
Valley and Ridge, Blue Ridge, Inner Piedmont, and the Carolina and Charlotte terranes.
The profile was simultaneously modeled for gravity and magnetics southeast of the CPS.
Units within the BRIP allochthon NW of the CPS were undifferentiated magnetically,
and were not modeled. Model polygons within the BRIP allochthon are defined on the
basis of COCORP and ADCOH active-source, normal-incidence seismic reflection data
(Figure 3, Cook and Vesudevan, 2006; Coruh et al., 1987). Moho depth is constrained by
seismic refraction and wide-angle reflection data (Hawman, 1996) and by results from
passive-array receiver functions (Parker, et al., 2013). The profile is displayed without
vertical exaggeration. The overall crustal structure of the forward model is consistent
with previous interpretations based on surface geology and geophysical data (Iverson,
1983; Hatcher, 1984; Hatcher et al., 2007; Hawman et al., 2012; Wagner, et al., 2012;
Parker, et al., 2013). However, calculated anomalies for platform sediments in the
Hayesville footwall antiformal structure do not fit the observed gravity anomalies (See
discussion on Blue Ridge-Inner Piedmont Allochthon).
The Blue Ridge-Inner Piedmont allochthon ramps up from the Appalachian
Decollement at a present depth of 13 km beneath the Central Piedmont suture to 8-9 km
present depth beneath the Brevard and Hayesville faults. These rocks are variously
metamorphosed passive margin sediments, arc-related rocks, and remobilized Grenville
basement. The Brevard and Hayesville faults that divide model units within the BRIP
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allochthon are low-angle thrust faults that separate units of similar low density (2.68
g/cc). The Central Piedmont suture (CPS), which will be discussed in greater detail in
the section on the Laurentian-peri-Gondwana Suture Zone, is also seismically imaged as
a low angle thrust emplacing higher density (2.79 g/cc) Carolina terrane over rocks of the
Inner Piedmont (2.7 g/cc). The reprocessed COCORP data (Figure 2.3, Cook and
Vesudevan, 2006) shows that the Appalachian Decollement continues as a low-angle
detachment to the southeast beneath the Carolina terrane.
The crustal thicknesses within the study area (Figures 2.3 and 2.4) are well
constrained by recent seismic refraction and wide-angle reflection data (Figure 2;
Hawman, 1996; Hawman, 2008), and by results from receiver function analyses of
SESAME data (Figure 2.2; Wagner, et al., 2012; Parker, et al., 2013). These data confirm
greater average crustal thicknesses beneath the southern Appalachians and a thicker
Carolina terrane than most previous estimates. Depth to Moho decreases moving from
the core of the Appalachian gravity low toward the Carolina terrane from 48-58 km depth
under the Blue Ridge to ~38 km depth beneath the Carolina terrane.
Appalachian Paired Gravity Anomaly
The prominent APGA consists of the Appalachian gravity low and the East Coast
gravity high and is a pronounced geophysical feature along most of the Appalachians
(Figure 2.2). In the southern Appalachians, the minimum values for the gravity low
coincide with the Brevard fault zone, while the attendant gravity high coincides with the
CPS. The paired anomaly has been interpreted to result from some combination of a
change in crustal thickness across the Inner Piedmont and an increase in average density
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in the Carolina terrane (Iverson, 1983; Thomas, 1983; Cook, 1984; West, 1998). It has
been difficult to test these interpretations because of the inherent non-uniqueness of
gravity modeling (Hutchinson et al., 1983). Because the forward model presented in this
paper (Figure 2.4) utilizes seismic reflection and refraction, as well as geologic data to
provide direct and independent constraints on model polygons and rock properties, model
results have limited non-uniqueness and provide an accurate test of the sources for the
anomaly.
The larger contribution to the APGA comes from a decrease in crustal thickness
eastward from ~50 km in the Blue Ridge to ~38 km in the Carolina terrane (Figure 2.4).
A smaller contribution comes from a slight 0.09 g/cc increase in density in the Carolina
terrane whose maximum depth is ~14 km on the basis of COCORP seismic data. A
change in lower crustal density (below the decollement) is not required in our model, so
that Grenville basement rocks may extend farther southeastward than previously thought,
even beneath the Coastal Plain as proposed by Phinney & Roy-Chowdhury (1989). The
density contrast in the shallow crust across the CPS is consistent with seismic refraction
data that show a change in average crustal P-wave velocity between the Carolina terrane
(6.5 km/s) and Inner Piedmont (6.2 km/s) along the profile.
Blue Ridge-Inner Piedmont Allochthon
ADCOH and COCORP seismic data image antiformal structures in the footwalls
of the Hayesville thrust and the CPS, above the Appalachian decollement. These
structures correlate with a NE-SW striking relative gravity high within the Appalachian
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Figure 2.4. Piedmont Forward Model Profile. The model is simultaneously modeled for gravity and magnetics southeast of the CPS.
Units within the BRIP allochthon NW of the CPS were undifferentiated magnetically, and were not modeled. Model polygons within
the BRIP allochthon are defined based on COCORP and ADCOH seismic reflection data (Figure 3). Moho depth is constrained by
seismic reflection (COCORP and ADCOH), refraction and wide-angle reflection data (Hawman, 1996), and receiver function results
(Parker, et al., 2013). Great Smoky Mountain Thrust (GSMT), Hayesville Thrust (HT), Brevard Fault Zone (BFZ), Central Piedmont
Suture (CPS). Note that calculated anomalies for a footwall density of 2.8 g/cc, the densest platform sediments (dolomites), do not fit
the observed gravity anomalies. The best fit density is 2.96 g/cc for the Hayesville footwall suggesting that it is a Grenville basement
duplex.

gravity low that extends for ~225 km from northern Georgia to North Carolina (Figure
2.2). The relative high is ~40 km northwest of the Brevard fault zone and parallels the
Appalachian structural trend. The antiformal structure in the footwall of the Hayesville
thrust imaged on ADCOH line 3 (Figure 2.3) is spatially correlated with the observed
positive anomaly (Figure 2.4).
The rocks imaged by ADCOH 3 below the allochthon previously have been
interpreted to be Paleozoic shelf strata on the basis of sub-horizontal seismic reflectors.
These footwall rocks were interpreted to be carbonates and clastics of the BRIP
allochthon that represent fore-arc basin and passive margin meta-sediments which extend
toward the foreland and outcrop in the Valley and Ridge (Hatcher, 1984; Hibbard, et al.,
2002; Hatcher et al., 2007.) This footwall interpretation involved duplex structures
repeating sections of high-velocity metacarbonates and low-velocity metaclastics to
explain the large impedance contrasts, including tuning effects, to generate the reflection
amplitudes (Costain et al., 1989). However, calculated anomalies for a footwall density
of 2.8 g/cc for the Hayesville footwall antiformal structure, the densest platform
sedimentary rocks (dolomites) measured in outcrop, do not fit the observed gravity
anomalies (Figure 2.4).
Instead, a density of 2.96 g/cc for the Hayesville footwall provides the best fit for
the observed gravity anomalies. The high densities required to fit the observed anomaly
suggest that the folded footwall reflectors may not be Paleozoic shelf strata, as previously
interpreted, but that they are horse blocks or duplex structures of Grenvillian basement.
Based on the published density ranges for Paleozoic sediments and Laurentian crust (see
Table 2.1), the uncertainty in the assigned densities for the crustal blocks within the BRIP
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allochthon responsible for producing the observed gravity anomaly of -29 mGal is 3.7
percent or 0.1 g/cc. The density of 2.96 g/cc for the Hayesville footwall is still required
when using the maximum densities corresponding to Laurentian crust for the overlying
polygons (Eastern and Western Blue Ridge). Even assuming the lowest possible density
for the BRIP allochthon (2.60 g/cc) and the highest density possible for sediments in the
Hayesville footwall (2.80 g/cc), a 50-km-wide, 5-km-thick eclogitic zone within the
Grenville basement would be required to fit the observed gravity anomaly. Although
eclogite is exposed adjacent to Grenville rocks along the eastern edge of the Grandfather
Mountain Window ~250 km to the NE of the profile (Willard and Adams, 1994), it does
not correlate with the observed gravity anomaly, as the anomaly terminates SW of the
window. This interpretation also seems unlikely because of the unreasonable size (~5000
km3) and high crustal density (3.54 g/cc) of the eclogite body required to produce the
observed gravity anomaly. It has also been suggested that extensional grabens within
Grenville basement below the Appalachian decollement could produce the observed
anomalies (Favret and Williams, 1988). However, Favret and Williams (1988) note that
the interpreted faults would produce anomalies with amplitudes of 1 mgal or less, while
the observed Hayesville anomaly is 40 mgal (Figure 2.4).
A number of recent seismic studies have inferred the presence of velocity
variations in the mantle beneath the southern Appalachians (e.g., MacDougall et al.,
2015; Shen and Ritzwoller, 2016). Wagner et al. (2012) interpreted a double Moho
which they correlated with the gravity high and partial eclogitization of underthrust crust
at depths of over 50 km. The double Moho is located 50 km east of the gravity high. Our
gravity modeling assumes no variation in mantle density. Given the differences in the
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mantle structures from the various seismic studies, it is reasonable to assert that mantle
density structure is not understood well enough to define meaningful mantle density
variations. Furthermore, the magnitude and short wavelength of the observed Hayesville
gravity anomaly require an upper crustal source.
The basement duplexes proposed in this paper are analogous to the imbricate
basement structures exposed to the southwest in the Pine Mountain window (Figure 2.1,
Steltenpohl et al., 2008). Samson et al. (1995) independently proposed that Grenville
basement duplexes beneath the Carolina terrane and Inner Piedmont would explain the
evolved isotopic composition of some Alleghanian granitic plutons. Reflecting horizons
within the Grenville basement beneath the Appalachian Decollement are common in the
COCORP profile (Figure 2.3), especially to the southeast beneath the Carolina superterrane.
Laurentian-Peri-Gondwana Suture Zone
The Central Piedmont Suture (CPS) between Laurentian and peri-Gondwanan
terranes, is a low-angle (~30°) thrust fault ramping up from the Appalachian decollement
at ~14-19 km present depth, as imaged by the COCORP seismic data (Figure 2.3). The
sinuous surface trace of the CPS is also evidence that the latest displacement on the fault
is low-angle thrusting which marked the final emplacement of the peri-Gondwanan
terranes against peri-Laurentian terranes (Hibbard, et al., 2002). This low-angle thrust
displacement also implies that the present location of the CPS at the surface is northwest
of the CPS in the lower crust and is displaced by over 300 kilometers. At the location of
the suture zone at the surface the Carolina terrane does not make up the full thickness of
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the crust as it is underlain by Grenville basement rocks (Figure 2.4). The suture zone also
is marked by several gabbro plutons of the Silurian to Devonian Concord Plutonic Suite
(Figure 2.5a). Euler deconvolution results for the Piedmont (Figure 2.5b) display
solutions corresponding to magnetic point sources with a depth uncertainty of less than
10%. Estimated depths range from 1 to 5 km, well above Curie isotherm depths. The
resulting fabric highlights a number of features including the Brevard fault zone and the
CPS, as well as several gabbro and granite plutons. The Brevard fault zone is not well
imaged, but a number of solutions appear along its mapped surface trace. The CPS is
much better imaged, with solutions forming a line at the paired magnetic anomaly, where
the CPS intersects profile A-A' (Figure 2.4). The solutions also trace the bend in the CPS
around the Whitmire Reentrant located at ~34.5° N latitude. Solutions forming circular or
lenticular shapes trace the edges of igneous plutons. The locations of several gabbro and
granite plutons are shown in Figure 2.5b for reference.
Regional Exhumation and Uplift
Figure 2.6 shows regional exhumation and uplift data compiled for the Blue
Ridge, Inner Piedmont, and Carolina Super-Terrane. Crystallization ages, as well as
pressure and/or temperature of crystallization data were recorded for in situ samples from
literature review (Table 2.2). All data points are based on samples obtained from the
Appalachians in North Carolina, South Carolina, and Georgia. The pressure and
temperature values suggest a regionally consistent pattern of uplift from depths of 22 km
during the Cherokee orogeny (475-450 Ma) to as little as 4 km at the end of the
Alleghanian orogeny (260 Ma). Particularly interesting is the consistent pattern of
decreasing crystallization depths during the Alleghanian orogeny in all three terranes,
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Blue Ridge, Inner Piedmont, and Carolina Super-Terrane. The pressure-temperature
values are consistent with uplifts of 5 to 10 km and uplift rates of 0.17 to 0.4 km/Ma. We
will show with a retrodeformed model that these uplift rates could be produced by
thrusting on the GSMT, Hayesville, Brevard, and Central Piedmont Suture. The trend in
crystallization data also suggest 5 to 7 km of post-Alleghanian erosion, which is
consistent with long-term unroofing predicted from extrapolating present erosion rates
(Matmon, et al., 2003). The initial topography of the Appalachians, following the
Alleghanian orogeny, was likely similar to that of Cenozoic mountainbelts with an
average elevation of 3000 to 4000 meters (Matmon et al., 2003). The exhumation values
(Table 2.2, Figure 2.6) also indicate that the Alleghanian mountain range extended
southeastward at least to the present Augusta fault area (Figure 2.3b).
Retrodeformed Model
Figure 2.7 shows two schematic structural models that represent the tectonic
configuration of the southeast North American margin from the Valley and Ridge to the
Atlantic coastal plain at the end of the Alleghanian collision ~260 Ma (Figure 2.7a) and a
retrodeformational model for the same margin prior to the Alleghanian orogeny ~330 Ma
(Figure 2.7b). In the post-collision model (260 Ma) 5-7 km of eroded rock have been
restored to the profile. The models assume simple shear and 2D area conservation. The
retrodeformed model was constructed by removing 210 km of crustal shortening in the
Valley and Ridge fold thrust belt estimated by Hatcher et al. (2007). No crustal
shortening was assumed for the Blue Ridge and Inner Piedmont, except for removing
minimum displacement on the GSMT, Hayesville, Brevard and CPS fault
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Figure 2.5. Euler Deconvolution Map. a) Magnetic Map with COCORP and ADCOH seismic
lines. Major structural features are indicated: Great Smoky Mountain Thrust (GSMT), Brevard
Zone, Central Piedmont Suture (CPS), Augusta Fault (AF). Gabbro plutons of the Concord
plutonic suite are indicated. The Higgins and Zietz (HZ) line is shown as a hatched line. b)
Magnetic Euler Deconvolution Map. Euler solutions locate point sources of magnetic anomalies,
and highlight crustal boundaries such as major faults, folds, and plutons. Euler results are
displayed over gridded magnetic data. The Structural Index (SI) = 2, depth solution uncertainty
is 10%, and the window size is 10 km. Solutions highlight the boundaries of the Concord
plutonic suite and several Alleghanian granitic plutons.
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Figure 2.6. Regional exhumation and uplift. Based on values in Table 2. Temperatures based on an average geothermal gradient of 40
± 10 °C / km (Dallmeyer, 1986; Evans and Battles, 1999; Snoke and Frost, 1990; Vyhmal and McSween, 1990). Pressures are
assumed to be lithostatic, with a pressure gradient of 260 bars / km.

systems; consequently the shortening shown (370 km) is a minimum estimate. The
model predicts that the pre-collision location of the edge of margin sediments was located
at least as far southeast as the Carolina terrane, but was scraped northwestward to the
GSMT footwall during the collision. The retrodeformed pre-Alleghanian location of the
CPS (Figure 2.7) was near the modern coastline. Thus, although the present LaurentiaGondwana suture is located at the CPS above the Appalachian Decollement, below the
Decollement, remnants of the suture zone may still be located offshore in the lower crust.
The Appalachian Decollement is observed as a flat-lying mid-crustal velocity anomaly
beneath the Coastal Plain southeast of the Augusta fault by the EarthScope SESAME
array (Hopper et al., 2017). We suggest that subsequent rifting during the 200 Ma
breakup of Pangea (e.g., South Georgia Rift Basin) may have taken advantage of the
Appalachian Decollement, transferring extension on listric faults within the upper thrust
sheet, leaving non-rifted lower crust beneath the Decollement, at least to the present
coastline. The regional structural model also indicates a possible origin for the Hayesville
and CPS footwall basement duplexes. Both could have originated 100 km to the southeast
at two gentle ramps visible in COCORP images of the Appalachian Decollement (Figure
2.3) coincident with basement boundaries (Grenville-Blue Ridge and Blue Ridge-Inner
Piedmont). Footwall short-cut faults at the Decollement ramps may have accreted the
basement rocks to the Appalachian thrust sheet. This mechanism would also agree with
thermochronometric evidence for early Alleghanian (329 – 312 Ma) high-grade
amphibolite facies metamorphism and internal deformation of the Blue Ridge thrust sheet
(Casale et al., 2015).
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The regional retrodeformed model (Figure 2.7) requires the removal of minimum
displacements of 20-40 km and vertical uplift of 10-15 km on each of the low angle thrust
faults associated with Appalachian orogenesis (GSMT, Hayesville, Brevard, and CPS)
that are visible in the COCORP and ADCOH profiles (Figure 2.3). Thus, the 5 to 10 km
of Alleghanian uplift and exhumation predicted by P-T crystallization data summarized
in Table 2.2 and Figure 2.6 can be easily accommodated by thrusting on the four major
fault systems (GSMT, Hayesville, Brevard, and CPS). Unroofing of metamorphic core
complexes by means of normal faulting (e.g., Snoke and Frost, 1990; Dennis, 1991) is
therefore not required to explain the observed exhumation.
Alleghanian collision along the southeastern Appalachian margin was
predominately orthogonal to strike consistent with the reconstructions of Sacks and Secor
(1990) and Hatcher et al. (2002), which call for the counter-clockwise rotation of
Gondwanan West Africa, creating head-on collision in the southern Appalachians. Major
element compositions of granites in the Carolina terrane and Inner Piedmont are
consistent with a crustal anatectic origin, synchronous with collisional Alleghanian
thrusting (Samson et al., 1995). A thermal model for discontinuous melting reactions at a
mid-crustal thrust detachment for Himalayan granites (Harrison et al., 1997) may be
applicable for the Alleghanian granites in the Carolina terrane and Inner Piedmont.
Scattered seismic phases recorded by 85 stations of the EarthScope SESAME array
reveal the H-Z line-Augusta fault suture as a low-angle (<15°) southeast dipping interface
that soles into a flat-lying mid-crustal detachment (Hopper et al., 2017). Hopper et al.
(2017) interpret the suture geometry as implying 300 km of head-on shortening across a
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Figure 2.7. Schematic retrodeformed model of the Blue Ridge, Inner Piedmont, and Carolina Superterrane. Valley and Ridge
shortening is removed (Hatcher, 2007), but no shortening is shown for the Blue Ridge, Inner Piedmont, and Carolina super-terrane.
BMA (Brunswick Magnetic Anomaly), ECMA (East Coast Magnetic Anomaly).

Himalayan-style plate boundary and mid-crustal detachment. The apparent lack of suprasubduction magmatism in southeastern North America (Mueller et al., 2014) does not
indicate oblique collision, as the polarity of subduction was down to the SE (Sacks and
Secor, 1990; Michard et al., 2010; Nance, et al., 2012), and could have been recorded on
crustal units now present in West Africa (Gaertner, et al., 2016).
2.4 Conclusions
1) The use of realistic structural models with seismic reflection and refraction data to
constrain potential field forward modeling reduces the non-uniqueness of model
solutions, and in combination with Euler 3D inverse modeling is a powerful
technique for resolving crustal structures at the regional scale.
2) The Central Piedmont Suture (CPS) between Laurentian and Peri-Gondwanan
terranes is a low-angle (~30°) thrust fault ramping up from the Appalachian
decollement at ~14-19 km depth. The sinuous surface trace of the CPS is also
evidence that the latest displacement on the fault is low-angle thrusting rather than
high-angle shear. The suture zone in the shallow crust was decapitated and thrust
toward the foreland relative to the location of the suture in the deep crust. Below
the Decollement, remnants of the suture zone may still be located offshore in the
lower crust.
3) The Appalachian paired gravity anomaly (the Appalachian low and the East
Coast high) can be explained by an increase in crustal thickness and a decrease in
upper crustal density moving northwestward from the Carolina Terrane toward
the Appalachian core. A change in lower crustal density is not required, so that
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Grenville basement rocks may extend farther to the southeast than previously
thought.
4) ADCOH and COCORP seismic data image antiformal structures in the footwalls
of the Hayesville thrust and the CPS, above the Appalachian decollement. These
structures correlate with a NE-SW striking relative gravity high that extends for
~120 km from northern Georgia to North Carolina. The rocks below the
allochthon have previously been interpreted to be Paleozoic shelf strata on the
basis of sub-horizontal seismic reflectors. However, the high densities required to
fit the observed anomaly suggest that the folded footwall reflectors may not be
Paleozoic shelf strata, as previously interpreted, but are here interpreted as denser
Grenville basement horse blocks or duplex structures.
5) The 5 to 10 km of Alleghanian uplift and exhumation predicted by P-T
crystallization data can be easily accommodated by thrusting on the four major
low-angle thrust fault systems (GSMT, Hayesville, Brevard, and CPS. Unroofing
of metamorphic core complexes by means of normal faulting may therefore not be
required to explain the observed exhumation.
6) Alleghanian collision along the Southeastern Appalachian margin was
predominately orthogonal to strike consistent with the reconstructions which call
for the counter-clockwise rotation of Gondwanan West Africa, creating head-on
collision in the Southern Appalachians and at least 370 km of shortening.
Subsequent rifting during the 200 Ma breakup of Pangea (e.g., South Georgia Rift
Basin) may have taken advantage of the Appalachian Decollement, transferring
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extension on listric faults within the upper thrust sheet, leaving non-rifted lower
crust beneath the Decollement as far as the present coastline.
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CHAPTER 3
THE BRUNSWICK MAGNETIC ANOMALY: GEOPHYSICAL
SIGNATURE AND GEOLOGIC SOURCE 2
3.1 Introduction
The Brunswick Magnetic Anomaly (BMA) located in southern Georgia and the
adjacent offshore Southeast Georgia Embayment forms a prominent geophysical feature
along the southeastern North American margin. The origin of the negative BMA is
enigmatic because the anomaly has no equivalent along the conjugate West African
margin, and because of the lack of a consistent magnetic model that explains both its
onshore and offshore segments. This paper explains the origin of the BMA with new
potential field analyses which support a unified interpretation of the onshore and offshore
portions of the BMA, highlighting the importance of mafic magmatism in the
asymmetrical rifting of Pangea just prior to the opening of the Atlantic.
In previous work (e.g., Hutchinson et al., 1983; McBride and Nelson, 1988;
Hutchinson et al., 1990; Austin et al., 1990; Holbrook et al., 1994; Lizarralde et al., 1994;
Parker, 2014) the BMA was divided into onshore and offshore segments because
interpretations were based on seismic surveys that did not traverse the shoreline, and
because of the anomaly’s apparent association with compressional structures onshore and

2

Duff, P.D., and Kellogg, J.N., 2019, Geology. 47 (4): 355-358. Reprinted here with
permission of publisher.
68

rift-related structures offshore. Onshore, the BMA developed near the boundary between
the peri-Gondwanan Charleston and Gondwanan Suwannee terranes, which has been
interpreted as a Paleozoic suture (Chowns and Williams, 1983; Dallmeyer et al., 1987,
Boote et al., 2018).
Offshore, the BMA appears inboard and adjacent to the hinge zone within the
ocean to continent transition, and parallels the East Coast Magnetic Anomaly (ECMA),
which is continuous from offshore Georgia to Nova Scotia. The ECMA is associated with
packages of volcanic seaward dipping seismic reflectors that are often included as part of
the Central Atlantic Magmatic Province (CAMP), a large igneous province emplaced
within the Atlantic rifted margin (Davis et al., 2018; Labails et al., 2010; Austin et al.,
1990). ECMA marks the landward limit of Atlantic oceanic crust and the locus of the
onset of seafloor spreading (Hutchinson et al., 1983; Bird et al., 2007), which has led
some authors to view the BMA and ECMA as a low-high paired magnetic anomaly
(McBride and Nelson, 1988; Austin et al., 1990).
Along U.S. Geological Survey (USGS) seismic reflection line 32 (USGS-32,
Figure. 3.1), Hutchinson et al. (1983) used gravity and magnetic data and NW-dipping
reflections to model the source of the BMA as the Brunswick graben, a Mesozoic (?) rift
basin. However, the graben is not imaged in the nearby BA-6 seismic profile of Austin et
al. (1990) who attributed the dipping reflectors to scattering artifacts from out-of-plane
features. Instead, Austin et al. (1990) attributed the BMA to an edge effect from
remanently magnetized oceanic crust seaward of the hinge zone. Holbrook et al. (1994),
using wide-angle-reflection data along BA-6, explained the BMA as an edge effect from
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highly magnetized intruded and underplated transitional crust against relatively lowsusceptibility rifted continental crust.
The BMA appears locally near zones of S-SE dipping intracrustal (to ~30 km
depth) reflectivity imaged from onshore Consortium for Continental Reflection Profiling
(COCORP) seismic data and offshore Brunswick Anomaly (BA) seismic data, interpreted
to be a crustal-scale imbricate structure (McBride and Nelson, 1988; Austin et al., 1990).
McBride and Nelson (1988) modeled the source of the BMA as a seaward dipping slab of
high magnetic susceptibility, interpreted to be associated with the Alleghanian suture
between Laurentia and Gondwana. Parker (2014) modeled the source of the BMA as
long-lived relatively weak reverse-polarity remanent magnetization of lower crustal rocks
resulting from transpressional motion during the initial stage of Alleghanian collision.
Recently, Boote et al. (2018) suggested a connection between the BMA and dipping
reflectivity, which they interpreted to mark a preserved subduction zone of
Neoproterozoic age on the basis of overlapping Gondwanan Suwannee Basin Paleozoic
strata.
3.2 Methods
Gravity data for this study are from the USGS U.S. Gravity Database, and
magnetic data are from the North American Magnetic Map (Appendix A). Processed
COCORP and USGS Seisdata-8 seismic reflection data, as well as USGS-32 and BA
seismic data are from published literature (Nelson et al., 1985; McBride and Nelson,
1988; Behrendt, 1986; Hutchinson et al., 1983; Austin et al., 1990; Holbrook et al., 1994;
Lizarralde et al., 1994). Seismic refraction data are from the EarthScope SUGAR project
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Figure 3.1. Brunswick Anomaly Map. a) Total magnetic intensity map for the southeast
North American margin. Prominent magnetic anomalies: BMA – Brunswick Magnetic
Anomaly, ECMA – East Coast Magnetic Anomaly, BSMA – Blake Spur Magnetic
Anomaly, TA – Tifton anomaly. Regional seismic data: COCORP – Consortium for
Continental Reflection Profiling, SD8 – Seisdata Line 8, SUGAR2 – EarthScope SUGAR
refraction line 2, BA-3 and BA-6 (Fig. 4) – Brunswick Anomaly seismic lines three and
six, USGS-32 – U.S. Geological Survey seismic line 32. Additional geological and
geophysical features: BHZ – Basement Hinge Zone, BSFZ – Blake Spur Fracture Zone,
HZ Line – Higgins and Zietz Line, CC – Clubhouse Crossroads well. Figure 3 – potential
field model (this paper). Inset map shows topography/bathymetry and major tectonic
elements: SAM – southern Appalachian Mountains, CT – Carolina Terrane, CHT –
Charleston Terrane, ST – Suwannee Terrane, SEGE – Southeast Georgia Embayment. b)
Along strike magnetic profile of the BMA magnetic low. The location of the profile is
shown with a dotted line in Figure 1a. A contrast in the character of the anomaly along
strike, from high amplitude and low frequency offshore, to low amplitude and high
frequency onshore, takes place near the Blake Spur Fracture Zone
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(Marzen et al., 2016). The interpretation of the BMA presented here is derived from
filtered total magnetic intensity grids, and forward and inverse modeling of Bouguer
gravity and total field magnetic data. Highpass filtering of the total magnetic intensity
data isolated wavelengths less than 50 km. Model polygon geometries for forward
modeling were constrained along a 2.5D model profile using three boreholes to basement,
Seisdata-8 seismic reflection data, and a preliminary SUGAR velocity model (Figure
3.1). The location of the forward model profile was chosen to traverse a local magnetic
minima along the BMA and the adjacent magnetic high of the Tifton anomaly (Chowns
and Williams, 1983) (Figure 3.1). Analysis and modeling of gravity and magnetic data
was performed using Geosoft software. GM-SYS forward modeling software computes
the gravitational and magnetic anomalies for a given polygon geometry, density, and
magnetic susceptibility. Inverse modeling of total field magnetic data was performed by
3D located Euler deconvolution (Appendix A).
3.3 Results
The filtered magnetic intensity grid (Figure 3.2) reveals the BMA to be a paired
low-high magnetic anomaly inboard and independent of the ECMA, and shows that the
amplitude of the magnetic low weakens from offshore to onshore. An along-strike profile
of the offshore and onshore extent of the BMA from total field magnetic data reveals an
anomaly amplitude in the 100s of nT, suggesting a basement source (Figure 3.1b).
Offshore, the BMA displays low-frequency and high-amplitude, which gives way to
high-frequency and low-amplitude onshore (Figure 3.1b). The division between the two
segments the BMA coincides with the Blake Spur Fracture Zone (BSFZ), a transfer zone
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between Mesozoic rift segments active during late-stage rifting to incipient seafloor
spreading along the margin (Mutter and Detrick, 1984; Minshull et al., 1991).
Forward modeling of the BMA in this study tests for the first time a rift-related
mafic intrusive interpretation onshore, similar to previous offshore models. The forward
model (Figure 3.3) produces a good fit between observed and calculated for both gravity
and magnetic anomalies with a single source geometry (Figure 3.3). The mafic pluton
source is 50 km wide and 6 km thick, with an upper surface at 1 km depth and a basal
contact at 7 km depth. A magnetic susceptibility of 0.012 centimeter gram seconds (cgs)
and a density of 3.0 g/cm3 was used for the intrusive body, and the source was modeled
in 2.5D because of the elliptical shape of the magnetic anomaly (Tifton anomaly, Figure
3.1). The susceptibility value is within the range for diabase/gabbro compositions, a rock
type known to be present in the subsurface of South Georgia from well data (Chowns and
Williams, 1983). Davis et al. (2018) demonstrated that varying-polarity basalt layers,
such as those measured in CAMP basalts at Clubhouse Crossroads (Figure 3.1) by
Phillips (1983) can cause the remanent anomalies of the layers to cancel out, preventing
high amplitude anomalies. Therefore, we assumed induced magnetization as the best
explanation for the high amplitude Tifton anomaly (Appendix A).
Inverse Euler deconvolution modeling of the total magnetic field provides
additional constraints on the 3D location of the mafic source (Appendix A). Euler results
along the model profile (Figure 3.3) agree with BMA source estimates from the forward
model, with 38 normally distributed depth solutions from 2.9 to 7.6 km.
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Figure 3.2. Filtered magnetic intensity map. The map is produced by applying a highpass
residual filter with a wavelength cutoff of 50 km. Note that the BMA appears as a distinct
high-low paired magnetic anomaly independent and inboard of the ECMA. The paired
character of the BMA is maintained from offshore to onshore, but the magnetic low
weakens. All labels the same as in Figure 3.1
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Figure 3.3. Gravity and magnetic 2.5D forward model. Mafic intrusion density and magnetic polygon shapes are identical. The
model profile traverses the BMA and Tifton magnetic anomaly onshore without vertical exaggeration (location in Fig. 3.1a).
Gravity and magnetic observations: black dots; calculated: thin black line. Error between calculated and observed: red line.
Numbers on profile polygons are densities in grams per cubic centimeter (italics), and magnetic susceptibilities in centimeter
gram seconds (bold text). All magnetizations are induced. Located Euler deconvolution solutions within 5 km of the profile are
shown as open circles.

3.4 Discussion
Offshore the BMA parallels the North American continental margin and ECMA
within the ocean to continent transition for ~400 km, then it changes strike and crosscuts
the Atlantic and Appalachian structural trends before terminating at the Higgins and Zietz
line in eastern Alabama. The orientation of the BMA offshore, parallel to the rifted
margin and ECMA, as well as its location near the hinge zone, suggest a rift-related
source. This interpretation is consistent with the results of gravity and magnetic models
from Holbrook et al. (1994), based on wide-angle travel time data collected along seismic
line BA-6. Holbrook et al. (1994) (Figure 3.4) explain the paired low-high BMA as the
result the juxtaposition of low-susceptibility rifted continental crust against highly
magnetized intruded transitional crust and the positive ECMA from the juxtaposition of
magnetized transitional crust against lower-susceptibility oceanic crust.
BA-6 seismic data document significant magmatic additions to transitional crust
seaward of the hinge zone, with Vp reaching 7.0 km/s from 10 to 20 km depth and 7.2–
7.5 km/s from 20 to 33 km depth (Holbrook et al., 1994). These velocities correspond to
densities ranging from 2.8 to 2.9 g/cm3 in the middle crust, and up to 3.1 g/cm3 in the
lower crust. Magnetic forward modeling along BA-6 suggests highly magnetized
transitional crust with magnetic susceptibilities from 0.026 to 0.035 cgs (Holbrook et al.,
1994). These densities and susceptibilities are consistent with the values we determined
for the BMA source onshore, and suggest highly intruded and underplated crust offshore
from rift-related magmatism. Similar travel time data along BA-3, which lies on the
landward side of the BSFZ, reveal more modest magmatic additions approaching the
shoreline, with Vp ranging from 6.4 to 6.65 km/s from 10 to 20 km depth and 6.7–7.2
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Figure 3.4. BA-6 gravity and magnetic forward model shown without vertical exaggeration (modified from Holbrook et al.,
1994). Profile location in Figure 1a. Dotted lines: gravity and magnetic observations; solid lines: calculated anomalies.
Polygon numbers are densities in grams per cubic centimeter (italics), and magnetic susceptibilities in centimeter gram seconds
(bold text). All magnetizations are induced. The BMA and ECMA, and the zones of rifted continental crust, transitional crust,
and oceanic crust are labeled. The BMA is modeled as the result of the contrast between relatively non-magnetic continental
crust and magnetic transitional crust, while the ECMA is modeled as the result of high magnetizations within transitional crust.

km/s from 20 to 38 km depth (Lizarralde et al., 1994). The along-strike reduction in mafic
magmatic additions to the crust from offshore to onshore may explain why the BMA magnetic
low weakens near the BSFZ.
Several authors have noted that the BMA is locally associated with dipping reflectivity
(McBride and Nelson, 1988; Parker, 2014; Boote et al., 2018), and have linked the BMA with
the reflectivity and a hypothetical dipping magnetized source. The offshore BA wide-angle data
indicate, however, that the dipping reflectivity occurs entirely within the zone of rifted
continental crust with no lateral contrast in Vp that would be associated with a slab of
magnetized mafic rock. Onshore our forward model (Figure 3.3) is consistent with the
preliminary SUGAR velocity model (Marzen et al., 2016), which also shows no lateral contrast
in Vp across the zone of dipping reflectively.
Instead, we argue for a series of semi-continuous to discrete rift-related mafic sources for
the BMA. The sources are of Mesozoic age on the basis of age dates, ranging from 209-182 Ma,
from four wells in South Georgia that penetrated diabase (Chowns and Williams, 1983), and
reflect a late-stage rift system based on the orientation and location of the BMA inboard of,
parallel and adjacent to the locus of initial seafloor spreading (ECMA). The rift system was
segmented by localized mafic intrusions, seen as discrete magnetic highs associated with the
BMA as it transgresses the shoreline west of BA-3. At least two fracture zones, including the
BSFZ, project onshore near the BMA. It is possible that the onshore BMA marks a rheological
boundary that played a role in initial fracture zone formation (Behn and Lin, 2000; Dunbar and
Sawyer, 1989; Sawyer, 1985).

78

We attempt to assign minimum temporal constraints to the offshore portion of the
anomaly by calculating steady-state half-spreading rates for the early Atlantic spreading center
using the ages of the M25 magnetic chron (154 Ma), the BSMA (170 Ma), and the ECMA (190
Ma) (Bird et al. 2007; Labails et al., 2010). The calculations suggest a minimum age range for
the BMA from ~193–199 Ma, which is approaching the modal age for CAMP at ~200 Ma (Bird
et al, 2007; Labailis et al., 2010). The lack of a BMA equivalent on the West African margin
suggests that a single asymmetrical lithosphere dislocation may have initiated the opening of the
Atlantic, similar to crustal scale simple shear models for extension of continental lithosphere
(e.g., Wernicke, 1981).
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CHAPTER 4
THE TECTONIC EVOLUTION OF PRE-CRETACEOUS
BASEMENT TERRANES OF THE SOUTHEASTERN NORTH
AMERICAN MARGIN FROM THE INTEGRATED ANALYSES OF
POTENTIAL FIELD DATA
4.1 Introduction
Pre-Cretaceous basement terranes and rift basins concealed beneath the Atlantic
coastal plain of the southeastern North American margin (SENAM) are a large fraction of
the continental mass and record the evolution of continental lithosphere in southeastern
North American spanning a Wilson cycle. This basement subcrop is comprised of
lithotectonic and magnetic terranes of the southern Appalachian hinterland accreted to the
margin during Paleozoic Appalachian orogenesis. Tectonically overprinted on this
basement complex is the southern, buried component of the eastern North America rift
system, including the South Georgia Rift (SGR), which records the Late Triassic to Early
Jurassic rifting of the Atlantic and emplacement of the large Central Atlantic Magmatic
Province (CAMP).
Despite the fact that the exposed Appalachian margin of SENAM is one of the
world’s best-known rifted continental margins, due to sparse drilling and seismic data,
many questions remain about the nature and distribution of sub-coastal plain basement
rocks, including the geometry of the basement surface, basement lithology and
provenance,
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and basement structures. Addressing these questions will better constrain the lithospheric
configuration created by orogenesis, including the existence, extent, and nature of subcoastal plain terranes, and the location of terrane boundaries. These questions also bear
on how subsequent crustal thinning modified the lithosphere as reflected in the extent of
the SGR and other buried rift basins, the existence of intra-basinal structures, and the
distribution of CAMP magmatism.
This study leverages the coverage and high sampling density of regional potential
field data, integrates these data with other regional geological and geophysical datasets,
and employs a variety of state-of-the-art forward and inverse modeling methods,
mathematical transforms of total field data, frequency domain filtering, and visualization
techniques to shed new light on the sub-coastal plain basement in South Carolina,
Georgia, and Florida.
4.2 Tectonic Background
The basement rocks that now underlie the Atlantic coastal plain of SENAM
record polyphase tectonism beginning with Paleozoic Appalachian orogenesis and
culminating in Mesozoic continental rifting and the opening of the Atlantic Ocean. The
southern Appalachian orogeny was built during three orogenic events: the OrdovicianSilurian (470-430 Ma) Taconic orogeny, the Devonian-Mississippian (400-345 Ma)
Neoacadian orogeny, and the Pennsylvanian-Permian (335-265 Ma) Alleghanian orogeny
(e.g. Hatcher et al., 2007; Hibbard et al., 2012). All orogenies were diachronous, with the
first two orogenies featuring terrane accretion, and the final orogeny resulting in closure
of the Iapetus Ocean and continent-continent collision to form Pangea. Rifting of the
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supercontinent and formation of the southeastern Atlantic passive margin began in the
Triassic (~230 Ma), forming a series of failed rift basins including the Dunbarton basin,
the Riddleville basin, and the SGR. Extension onshore may have ceased by ~205 Ma,
prior to the emplacement of CAMP, and continental breakup occurred by the early
Jurassic (~180 Ma), forming the modern Atlantic Ocean (Withjack et al., 2012).
The lithotectonic terranes of the southern Appalachian hinterland have been
distinguished on the basis of their composition, metamorphic history, tectonic structures,
and stratigraphy. From NW-SE these are the Blue Ridge, Inner Piedmont, Carolina
superterrane, Charleston-Brunswick, and Suwannee. The boundary between the Blue
Ridge (Appalachian) thrust front and the foreland fold and thrust belt (Valley and Ridge),
is the Blue Ridge thrust, locally the Great Smoky Mountain thrust (GSMT), which
parallels the NE-trending New York-Alabama (NY-AL) magnetic lineament (see Figures
4.1 and 4.2). The boundary that divides the Laurentian affinity rocks of the Inner
Piedmont to the northwest from the peri-Gondwanan affinity rocks of the Carolina
superterrane (Carolina terrane) to the southeast occurs at the Central Piedmont suture
(CPS). The composite Carolina terrane accreted to the Laurentian margin in the midPaleozoic during the Neoacadian orogeny, and contains a primitive island arc assemblage
of mafic to felsic volcanic and volcaniclastic rocks (Hatcher et al., 2007). In South
Carolina and Georgia, the Fall Line, which marks the onlap of coastal plain sediments,
occurs within the Carolina terrane. Southeast of the Fall Line the basement terranes are
poorly known because they become buried beneath coastal plain sediments and because
the number of well penetrations and seismic surveys is low. Since well data is sparse,
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sub-coastal plain basement terranes have been defined on the basis of their magnetic
anomaly signature.
The subcropping Charleston-Brunswick magnetic terrane lies southeast of the
Carolina terrane and is interpreted to be of peri-Gondwanan affinity (Hatcher et al., 2007;
Higgins and Zietz, 1983). Farther southeast, in southern Georgia and northern Florida lies
the Suwannee terrane, which is composed of a Paleozoic sedimentary basin, granitic
intrusions, and felsic volcanics, and is interpreted to be of Gondwanan affinity (Horton et
al., 1989). The Charleston-Brunswick terrane and the Suwannee terrane are assumed to
have accreted to Laurentia during the Alleghanian (Higgins and Zietz, 1983; Horton et
al., 1989) (see Figures 4.1, 4.11a, and 4.11c). The boundary between these terranes from
drilling data is known as the Suwanne-Wiggins suture (Chowns and Williams, 1983).
Although the origins of these terranes are uncertain, their provenance and accretionary
history, as well as their relationships to one another, are important for understanding the
evolution of the margin.
Magnetic Terranes
High-quality, densely sampled aeromagnetic data have played an important role
in revealing the pre-Cretaceous basement subcrop in SENAM. The total field magnetic
character of the Suwannee terrane was described by Williams and Hatcher (1982) and
Higgins and Zietz (1983) as consisting of high-amplitude, positive and negative, shortwavelength anomalies that terminate to the north in the Brunswick magnetic anomaly
(BMA) (see Figure 1). The two-component BMA parallels the coastline offshore South
Carolina, inboard of the East Coast magnetic anomaly (ECMA), which marks the
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landward limit of oceanic crust (Austin et al., 1990), then changes strike, becoming E-Wtrending, and comes onshore near Brunswick, GA. From the coastline it continues across
southern Georgia and terminates in the NE-trending Appalachian structural trend in
Alabama. Onshore the anomaly is characterized by a broad negative component that is
paired with a discontinuous positive component to the south. Because analyses of a
limited number of deep well penetrations in South Georgia suggest that Gondwananaffinity rocks were generally not sampled north of the BMA, this anomaly has been
interpreted to mark the Alleghanian suture, which separates pre-Alleghanian Laurentia
from terranes of Gondwanan affinity that accreted to Laurentia during the final orogeny
that built the southern Appalachians. In comparison to the Suwannee terrane, the
magnetic signature of the Charleston-Brunswick terrane features a longer wavelength and
generally positive amplitude, distinct from the shorter-wavelength NE-trending lineations
of the Piedmont-Carolina magnetic terrane to the northwest (Higgins and Zietz, 1983).
The boundary between the Charleston-Brunswick and Piedmont-Carolina magnetic
terranes is known as the Higgins and Zietz Line (HZ Line), which also marks the location
of a large-scale transcurrent strike-slip fault called the Carolina-Mississippi fault,
interpreted on the basis of magnetic data. The HZ Line has also been suggested as the
Alleghanian suture (Higgins and Zietz, 1983). The southern border of the CharlestonBrunswick terrane is the negative component of the BMA. Higgins and Zietz (1983) held
that despite the fact that the BMA divides the Charleston-Brunswick terrane from the
Suwannee terrane, the two terranes are essentially identical in their overall lithology, with
the difference in their magnetic character owing to the fact that the Suwannee terrane is
buried more deeply beneath the coastal plain.
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Mesozoic Rifting and CAMP Magmatism
In SENAM, Triassic rifting is recorded in continent-derived fluvio-lacustrine
strata and CAMP and other rift-related diabase and basalt deposited in a series of
northeast-striking rift basins including the Dunbarton, Sumter, Florence, Riddleville, and
the large SGR. The current understanding of the distribution of synrift sediments and
crustal thinning associated with the SGR and other sub-coastal plain Triassic rift basins is
also made uncertain by the sparsity of well and seismic data. From limited COCORP
seismic reflection and well data, the SGR appears to be a system of asymmetric subbasins that may be up to 10 km deep, but the boundaries of the rift system are poorly
constrained and known primarily from well data (Chowns and Williams, 1983; McBride
et al., 1987). The Dunbarton, Sumter, Florence, Riddleville, lie to the north and west of
the SGR and from COCORP and well data are more limited in extent and depth. Crustal
thickness estimates are made from passive source seismic imaging (Parker et al., 2013;
Hopper et al., 2017) and from Moho reflections in COCORP reflection seismic profiles.
In the Late Triassic (~200 Ma), basaltic magmas were erupted over a surface area of 107
km2 in circum-Atlantic rift basins in Europe, Africa, and North and South America,
forming CAMP (e.g. Marzoli et al., 1999; Nomade et al., 2007). Dating of stratigraphy
surrounding CAMP volcanic rocks suggest that emplacement occurred over a large area
in a time period less than a million years (Nomade et al., 2007). Several origins have
been proposed for CAMP, including thermal insulation below Pangea (Coltice et al.,
2007), edge-driven convection (McHone, 2003), lithosphereic delamination and mantle
upwelling (Callegaro et al., 2013; Whalen et al., 2015), and a mantle plume (Oyarzun et
al., 1997; Wilson, 1997). CAMP was followed by other episodes of mafic magmatism
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across the rift to drift transition in SENAM during the Jurassic. Due to the sparsity of
subsurface data, constraints on the distribution and volume of CAMP and other riftrelated magmatism within sub-coastal plain basement rocks are very limited and are
based primarily on shallow intrusions like those sampled in the USGS Clubhouse
Crossroads wells near Charleston, SC (e.g. McHone, 2003). These shallow intrusions
appear as broad long-wavelength magnetic anomalies and associated gravity anomalies in
gridded potential field data, suggesting a thin, laterally extensive anomaly source (see
Figures 4.1 and 4.2). These anomalies contrast with other high-amplitude positive
magnetic and gravity anomalies in SENAM, such as the Tifton anomaly of southern
Georgia and the McClellan anomaly offshore South Carolina, which contain a highfrequency component and are laterally confined or focused (see Figures 4.1 and 4.2).
Potential field data have been little used to estimate the distribution and volume of mafic
intrusions contained within the sub-coastal plain basement because the sparsity of drilling
data does not permit a robust regional-scale calibration between potential field anomalies
and the mafic igneous rocks of CAMP or other episodes of rift-related magmatism.
4.2 Data and Methodology
Potential Field Data
Potential field data used in this study come from public domain databases.
Gravity data are from the USGS state databases for South Carolina and Georgia
(https://pubs.usgs.gov/of/2005/1022/; https://mrdata.usgs.gov/catalog/citeview.php?cite=71) and the U.S. Gravity Database
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Figure 4.1. Total magnetic intensity map of southeastern North American margin. Major magnetic features: New York-Alabama
lineament (NY-AL), Higgins and Zietz line (HZ), Brunswick magnetic anomaly (BMA), East Coast magnetic anomaly (ECMA),
Tifton anomaly (TA), McClellan anomaly (McA). Major Geologic features: South Georgia rift (SGR), Riddleville basin (RB),
Dunbarton basin (DB), Sumter basin (SB), Clubhouse Crossroads (CC), Blake Spur fracture zone (BSFZ). Potential field forward
model profiles: Seisdata-4 (S4), Savannah River site (SRS), Coastal Strike profile (CS). Seismic surveys: Consortium for Continental
Reflection Profiling (COCORP), Suwannee Suture refraction experiment (SUGAR).
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Figure 4.2. Bouguer gravity map of southeastern North American margin. Gravity features: Appalachian gravity gradient (AGG).
Appalachian physiographic provinces: Valley and Ridge (VR), Blue Ridge (BR), Inner Piedmont (IP), Carolina superterrane (CT),
Pine Mountain window (PM). See Figure 4.1 for other labels.

(http://gis.utep.edu/subpages/GMData.html?option=com_content&view=article&id=197
%3Agdrp-home&catid=51%3Amain-site&Itemid=59). Magnetic data are from the North
American Magnetic map (https://mrdata.usgs.gov/magnetic/). Gravity data are combined
from SC and GA state datasets and the national gravity database, where sampling density
for land and shipborne gravity ranges from ~3-5 km. Aeromagnetic flight line spacing is
~1.5 km. Based on the sampling density, the Bouguer gravity data are gridded to a 2 km
cell size, and the total magnetic intensity data are gridded to 1.0 km cell size. The
magnetic data are not reduced to the magnetic pole.
Basement Subcrop Surface Maps
The subcrop basement maps presented in this paper integrate borehole and
seismic data, and overlay magnetic Euler solutions to better define top pre-Cretaceous
and top pre-Triassic basement surfaces. Data from 321 boreholes that reside in a
combination of USGS, and SC and GA state geological survey well databases (SCDNR
and GGS), as well as published reports (Applin, 1951; Cumbest, 1992; Barnett, 1975;
Marine and Siple, 1974; Gohn et al., 1983; Chowns and Williams, 1983; Steele and
Colquhoun, 1985; Applin and Applin, 1964; Herrick, 1961; Milton and Hurst, 1965;
Neathery and Thomas, 1975) are used to produce these maps. These data were compiled
and quality assessed/quality controlled by Heffner (2012). Seismic refraction point data
come from several previous studies (Ackermann, 1983; Amick, 1978; Bonini et al., 1960;
Pooley, 1960; Smith, 1987; Woollard, 1967), which were also quality controlled by
Heffner (2012). Additional wide-angle reflection and refraction seismic data are from two
active-source profiles: the EarthScope SUGAR (Suwannee Suture and GA Rift basin)
experiment (Marzen et al., 2016), and a USGS active-source regional study of the South
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Carolina coastal plain (Luetgert et al., 1994). Compressional wave (p-wave) velocities
were used to better define the top of basement surfaces with depth to layer velocities of
4.3-5.7 km/s being assigned to top pre-Cretaceous basement and layer velocities greater
than 6.0 km/s being assigned to top pre-Triassic basement.
Borehole and seismic data were combined and interpolated using a minimum
curvature algorithm in Geosoft Oasis Montaj software to produce maps for the subcoastal plain pre-Cretaceous and pre-Triassic surfaces in South Carolina, Georgia, and
northern Florida. The pre-Cretaceous surface incorporates all wells in the database that
penetrate the coastal plain, and was gridded to 10 km cell size. The gridded pre-Triassic
surface incorporates all wells that sample rocks older than Triassic and those that bottom
in Triassic sediments and Jurassic or older volcanics. Wells that bottom in Jurassic and
Triassic rocks were included in order to better estimate the depth of Triassic rift basins
since wells that sample pre-Triassic rocks within Triassic rift basins are very few in
number and since these wells provide the best geological constraint on the depth to this
basement surface. As a result, the depth to top pre-Triassic basement is a minimum
estimate. Since the sampling density of pre-Triassic well penetrations is comparatively
poor, this basement surface was gridded to 25 km cell size.
Euler Deconvolution
Gridded magnetic data was inversely modeled in 3D using the Euler
deconvolution and located Euler deconvolution methods. Euler deconvolution estimates
the depth and location of a magnetic source by examining the rate of change of the
magnetic field as a function of distance (Thompson, 1982; Reid et al., 1990). This
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technique can be applied to profile or grid data to solve for Euler’s Homogeneity
Equation:
(x-x0) dF/dx + (y-y0) dF/dy + (z-z0) dF/dz = N (B-F),
where x0, y0, z0 is the source location whose magnetic field is F, measured at point x, y, z.
B is the regional value of the Total Field. N is the Euler’s structural index (SI), which
characterizes the source’s geometry. The SI can be varied from zero to three: 0 (contact
of infinite depth), 1 (dike), 2 (pipe), and 3 (sphere). The Euler method also yields
estimates of the standard deviation of x0, y0, z0. These quantities σ0x, σ0y, σ0z are treated
as an “error bar” on the horizontal and depth estimate and form the basis for an algorithm
that determines whether or not a source estimate is to be retained. This feature permits an
uncertainty level in the horizontal and depth estimates to be set such that all solutions
falling below that threshold are discarded.
For this study, standard Euler deconvolution was performed on gridded total
magnetic intensity data with a structural index of zero and a cell size of 5 (~7.5 km).
Because it was determined that the number of Euler solutions for a given uncertainty
threshold differed drastically across the BMA from the Piedmont-Carolina and
Charleston-Brunswick terranes to the Suwannee terrane, with many times more solutions
found within the Suwannee terrane, the regional magnetic dataset was divided to compute
Euler solution sets for the combined Piedmont-Carolina and Charleston-Brunswick (nonSuwannee) magnetic terranes, and the Suwannee magnetic terranes individually (see
Figures 4.10a and 4.10c for Euler magnetic terrane extents). Both databases were
windowed to exclude solutions with a depth greater than 15 km, however, the non-
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Suwanee database was windowed to a horizontal (x, y) uncertainty of 25% and a depth
uncertainty of 4%, while the Suwannee database was windowed to horizontal uncertainty
of 20% and a depth uncertainty of 1.75%.
Inverse modeling by 3D located Euler deconvolution was performed on the Tifton
and McClellan anomalies. Located Euler deconvolution involves a reduction to the
magnetic pole transform, and the calculation of an analytic signal grid. The reduction to
magnetic pole transform converts magnetic data recorded in the inclined Earth’s
magnetic field to what they would look like at the magnetic pole, where the magnetic
field is vertical. The transform locates anomalies above causative bodies, assuming that
remanent magnetism is small relative to induced magnetism. The amplitude of the
analytic signal is the square root of the sum of the squares of the derivatives in the x, y,
and z directions:
A (x, y) = (dx2 + dy2 + dz2)1/2.
The analytic signal is useful in locating magnetic sources, particularly where
remenant magnetization or low magnetic latitude complicates interpretation, because the
amplitude of the analytic signal of the total magnetic field produces a peak over magnetic
contacts regardless of the direction of magnetization (MacLeod, et al., 1993). The peak
values from analytic signal grid are used to guide the Euler algorithm in order to reduce
the number of Euler solutions and the associated uncertainty (Thompson, 1982). Euler
results were obtained using a structural index of two and a depth uncertainty of 10%.
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Forward Modeling of Potential Field Data
Forward models are simultaneously constrained by potential field data, seismic
reflection and refraction results, and borehole geology. Processed Seisdata-4 and SRS-7
active-source normal-incidence seismic reflection data are from published literature
(Behrendt, 1985; Domoracki et al., 1999). Wide-angle reflection and refraction seismic
data are from a USGS active-source regional study of the South Carolina coastal plain
(Luetgert et al., 1994). SRS-7 and Seisdata-4 seismic reflection profiles were depth
approximated assuming an average crustal velocity of 6.0 km/s (Shillington, 2017). The
seismic profiles were then loaded as a backdrop into the gravity/magnetic model profile.
Model polygons for the Savannah River Site (SRS) Profile and Seisdata-4 (S4)
Profile were created based on depths to basement and basement lithology from well data
within 20 km of the plane of section projected parallel to the local structural strike and
potential field anomalies, as well as seismically defined divisions within crystalline
basement and the overlying sedimentary section. Model polygons for the Coastal Strike
(CS) Profile were constrained by well data and extrapolated from the profile’s
intersection with the S4 model profile. Average rock densities and magnetic
susceptibilities (Table 1) were taken from Beck (1965), Warren et al. (1966), Ginzburg et
al. (1983), Christensen (1989), Cumbest et al., (1992), Johnson and Christensen (1992),
Sumner (1997), Duff and Kellogg (2017), and seismic velocities using Nafe-Drake
equations that relate seismic compressional wave (p-wave) velocity to density (Ludwig,
et al., 1970). The 2D profiles were then simultaneously modeled for gravity and
magnetics within Geosoft GM-SYS software using an iterative approach where polygon
geometries, as well as density and magnetic susceptibility values were varied to produce
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consistent, geologically plausible solutions whose calculated anomalies best fit the
observed anomalies. GM-SYS software incorporates the methodology of Talwani et al.
(1959) and Talwani and Heirtzler (1964) for computing the gravitational and magnetic
response for a given polygon geometry and assigned density and magnetic susceptibility.
Filtering and Tilt Derivative
The tilt derivative or tilt angle is a derived potential field measure of gradient that
can be used to detect the edge of the source of a potential field anomaly. The tilt
derivative is defined as the ratio of the first vertical derivative of the potential field to the
absolute value of the total horizontal gradient of the field (Miller and Singh, 1994):
𝑉𝑉𝑉𝑉𝑉𝑉

𝑇𝑇𝑇𝑇𝑇𝑇 = tan−1 �𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇� ,

where VDR and THDR are the first vertical and total horizontal derivatives, respectively,
of the potential field. The tilt derivative maps were computed from Bouguer gravity and
filtered total magnetic intensity. Before computation of the tilt derivative, filtering of total
magnetic intensity data was performed in the frequency-wave number domain after
Fourier transformation. Highpass filtering was implemented using a second-degree
Butterworth residual filter in Geosoft Oasis Montaj to isolate wavelengths less than 100
km. The same methodology was employed to produce highpass filtered magnetic maps
with 50 km and 15 km wavelength cutoffs around the Tifton and McClellan anomalies.
The cell size of all resulting grids was maintained at 1 km.
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4.3 Results and Discussion
Depth to Basement Maps
The interpolated top of pre-Cretaceous basement surface from well and refraction
seismic data overlain by Euler deconvolution point solutions is shown in Figure 4.3. The
basement surface is relatively smooth, dipping southeast from the Fall Line in South
Carolina and eastern Georgia and to the south and southwest in southern Alabama and
western Georgia. Two embayments are clearly visible separated by a structural high.
These are the Apalachicola embayment to the west and the southeast Georgia embayment
to the east. The two basins are separated by the Peninsular arch of northern Florida and
the Suwannee saddle, which extends northwest from the arch, toward the Fall Line.
Basement lithology below the base of the coastal plain can be divided generally into four
categories (see Figure 4.4):
1. Metamorphic rocks likely belonging to Appalachian lithotectonic terranes that extend
south and eastward beneath the coastal plain;
2. Felsic volcanic rocks that include Paleozoic granite plutons similar to those that
outcrop in the Piedmont and Carolina superterrane and a region of felsic volcanic and
granitic basement north and south of the Peninsular arch in southeastern Georgia and
northern Florida;
3. Triassic and Jurassic fluvial and lacustrine sediments interbedded with diabase and
basalt;
4. Paleozoic sedimentary rocks of Cambrian to Devonian ages.
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The interpolated top of pre-Triassic basement surface from well and refraction
seismic data overlain by Euler solutions is shown in Figure 4.5. The boundaries of the
SGR from Heffner (2012) along with wells that penetrated known or assumed JurassicTriassic lithologies are also shown. Because the well data used to produce this map
include wells that bottom in Jurassic-Triassic lithologies, it is a minimum depth estimate.
The top pre-Triassic surface shows a continuation with depth of the Peninsular arch and
Suwannee saddle, but the Suwannee saddle does not extend as far to the northwest
allowing a connection between the Apalachicola and southeast Georgia embayments.
Seismic refraction data also indicate another saddle extending southeast from the
Fall Line in eastern Georgia, parallel to the border with South Carolina. This topographic
high restricts the southeast Georgia embayment and separates the embayment from a
minimum 2-5 km deep depocenter in southern South Carolina. In general, the top preTriassic surface agrees well with SGR extent of Heffner (2012), which was determined
from well data only. One exception is the easternmost sub-basin in Georgia, which strikes
NE and extends into South Carolina. It appears to cross the saddle feature inferred from
seismic data. There are no Jurassic-Triassic or pre-Triassic well penetrations on this
apparent structural high, so it is possible that the sub-basin is not continuous over the
saddle and is actually two separate sub-basins.
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Figure 4.3. Pre-Cretaceous basement surface map from well and seismic refraction data. Colored circles: 3D Euler deconvolution
depth solutions. Heavy black line: Fall line.
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Figure 4.4. Pre-Cretaceous basement surface map with basement lithology from pre-Cretaceous well penetrations. Heavy black line:
Fall line. Light black line: Mapped extent of Suwannee basin strata offshore from reflection seismic data (Boote and Knapp, 2016).

Point solutions from standard Euler deconvolution are distributed over a depth
range of 1.5-5.0 km and are produced from a combination of sources at the top of preCretaceous basement, top of pre-Triassic basement, and intra-basement sources. Several
solutions agree well with top of pre-Cretaceous basement in the Apalachicola and
southeast Georgia embayments and across the Suwannee saddle, but in general intrabasement sources number greater than top of basement sources. A set of intra-basement
solutions between 1.5-3.0 km depth cluster in South Carolina in the area around
Clubhouse Crossroads and offshore near the McClellan anomaly. A second set of
solutions ranging in depth from 1.5-4.0 km surround the Tifton anomaly in southern
Georgia. Euler solutions on top of the pre-Triassic saddle that divides the sub-basin in
South Carolina from the southeast Georgia embayment appear to be intra-basement and
do not agree with the depth to this feature from well and seismic data. Two Euler
solutions on the edge of the saddle, however, do agree with the depth estimates from the
interpolated top pre-Triassic surface. One is near the northern boundary of the Riddleville
basin, and the second is southeast of the easternmost sub-basin of the SGR in Georgia.
Located Euler Deconvolution Results
Located Euler deconvolution was performed in 3D over the Tifton and McClellan
magnetic and gravity anomalies of southern Georgia and offshore South Carolina (see
Figures 4.1 and 4.2). Located Euler results were combined with frequency filtered
magnetic maps in order to characterize anomaly source geometry and frequency content.
The Tifton anomaly is one of the largest elliptical potential field anomalies in SENAM,
with a diameter of at least 80 km. In the total magnetic and Bouguer gravity fields, the
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Figure 4.5. Pre-Triassic basement surface map from well and seismic refraction data. Colored circles: 3D Euler deconvolution depth
solutions. Heavy black line: Fall line. Light black line: South Georgia rift boundary (Heffner, 2012).

amplitude of the Tifton anomaly is also among the highest in SENAM, measuring 1000
nT and 50 mGal (Figure 4.6a and 4.6b). The 50 km and 15 km highpass filtered magnetic
maps (Figures 4.6c and 4.6d) demonstrate that the anomaly contains both long and short
wavelengths (low and high frequencies), which in combination with the amplitude of the
anomaly suggests a deep basement source and that the source spans much of the upper- to
mid-crust.
Located Euler results are consistent with this interpretation, with 38 normally
distributed solutions showing a minimum depth of 1.0 km and a maximum of 18.1 km,
with a median of 5.2 km (see Figure 4.7). Based on the geometry and large size of the
anomaly suggested by the located Euler results, as well as the amplitude of the anomaly
in both the magnetic and gravity fields, the Tifton anomaly is interpreted to be a megascale igneous complex. Igneous complexes are systems of layered intrusions resulting
from multiple discrete, sequentially emplaced magma pulses (e.g., Wiebe, 1988; Giorgis
et al., 2019). These complexes can take the form of large tabular bodies such as sills,
laccoliths, or lopoliths, often connected by vertical dikes and/or cylindrical stocks (Ivanic
et al., 2010). Based on five wells located within 40 km of the Tifton anomaly that
penetrated Jurassic-age diabase or basalt, it is suggested that the Tifton igneous complex,
which is the source of the anomaly, has a rift-related origin (Chowns and Williams, 1983;
Heffner, 2012). Other large igneous complexes, albeit not as large as Tifton, are known to
accompany Atlantic rifting (Wiebe, 1988; Wigand et al., 2003).
Although not as large in area as the Tifton anomaly, the McClellan anomaly is
another prominent elliptical to elongate potential field anomaly, measuring 50 km in
diameter, that is interpreted to be a mega-scale mafic igneous complex.
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Figure 4.6. Tifton anomaly map. a) Total magnetic intensity b) Bouguer gravity c) 50 km
highpass filtered magnetic intensity d) 15 km highpass filtered magnetic intensity. Scale
is the same for all maps.
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Figure 4.7. Tifton anomaly located Euler map. Plus signs: Analytic signal peaks. Circles:
Located Euler solutions. Located Euler deconvolution solutions were calculated using a
structural index of two and depth uncertainty of 10%. A boxplot of 38 located Euler
solutions appears at right.
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The amplitude of the anomaly in the magnetic field, at 425 nT, is somewhat less
than that of the Tifton anomaly, but its amplitude in the gravity field, measuring 65 mGal,
is larger than that of the Tifton anomaly (see Figure 4.8a and 4.8b). In combination with
interpretations of the 50 km and 15 km highpass filtered magnetic maps (Figures 4.8c and
4.8d), this suggests that like the Tifton anomaly, the McClellan anomaly has a deep
basement source and that the source is a through-going structure.
Located Euler deconvolution results agree with this interpretation, but suggest
that as compared with the Tifton anomaly, the McClellan anomaly somewhat shallower,
with 55 normally distributed solutions ranging in depth from 2.5 km to 11.7 km, with a
median depth of 6.4 km (see Figure 4.9). Euler solutions are also distributed over a larger
area, as compared with the Tifton anomaly, suggesting a less confined or focused source.
Forward Model Profiles
Potential field forward model profiles were located along key regional
geophysical datasets spanning the Atlantic coastal plain from the Fall Line to the coast
(see Figures 4.1 and 4.2). The profiles traverse a number of geological structures
including the Dunbarton basin, the Springfield granitic pluton, the SGR basin, and the
Clubhouse Crossroads mafic flows and intrusions. The profiles also span several
geophysical structures including a 160-km-long, NE-striking linear gravity and magnetic
high located southeast of the Dunbarton basin, a circular gravity and magnetic high near
Beaufort, SC, and a prominent gravity low located along the northern coast of South
Carolina, stretching for 60 km south of Myrtle Beach. Model profiles integrate
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Figure 4.8. McClellan anomaly map. a) Total magnetic intensity b) Bouguer gravity c) 50
km highpass filtered magnetic intensity d) 15 km highpass filtered magnetic intensity.
Scale is the same for all maps.
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Figure 4.9. McClellan anomaly located Euler map. Plus signs: Analytic signal peaks.
Circles: Located Euler solutions. Located Euler deconvolution solutions were calculated
using a structural index of two and depth uncertainty of 10%. A boxplot of 55 located
Euler solutions appears at right.
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results from seismic surveys and nearby well data to provide direct, independent
constraint on depth to basement, rock types, and model polygon geometry in order to
reduce the non-uniqueness of model solutions.
SRS Model Profile
The SRS model profile extends a distance of 160 km from just southeast of the
Fall Line to Walterboro, SC, about 45 km from the coast (see Figures 4.1 and 4.2). The
profile traverses the Triassic Dunbarton and SGR basins, and is located to take advantage
of a 120-km-long USGS active-source seismic refraction profile (Luetgert et al., 1994)
and dense well control at the Savannah River National Laboratory. It also crosses a NEstriking linear feature that appears as a gravity and magnetic high and extends from
central Georgia to central South Carolina. The profile was simultaneously modeled for
gravity and magnetics. The depth to the base of coastal plain is constrained by 19 wells to
basement and from seismic refraction and wide-angle reflection results. Model polygon
geometry for major crustal blocks is taken from the SRS-7 reflection seismic line
(Domoracki et al., 1999), and from the Luetgert et al. (1994) velocity model. Moho depth
was also constrained by the velocity model.
The Dunbarton basin is a 1.5 km deep, asymmetric, down to the NW half-graben
bounded to the NW by the Pen Branch fault (see Figure 4.10). The polarity of the basin is
seismically defined, but is opposite to the maximum magnetic gradient, which is steepest
on the southeast edge of the basin. This steep magnetic gradient is explained by the fact
that the basin is underlain to the southeast by a 2-km-thick mafic igneous sill with a
conduit to 6 km depth. These mafic igneous rocks, named the Barnwell mafics, are likely
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diabase or gabbro and intrude metamorphic country rock of the subcropping Carolina
terrane. In map view these mafic intrusions appear to be the source of the 160-km-long,
NE-striking “ridge” of high gravity and magnetic intensity, and together with their
country rocks are interpreted to be a continuous intruded horst block. Immediately to the
southeast of this structure is a major lateral discontinuity in seismic p-wave velocity
down to 8 km depth, which is interpreted to be the NW basin bounding fault of the SGR.
This fault has been imaged in COCORP seismic reflection data in eastern Georgia where
it is the NW basin bounding fault of the Riddleville basin, called the Magruder fault
(Petersen et al., 1984). The fault is coincident with a steep magnetic and gravity gradient
which can be traced from its location along the SRS Profile (and USGS seismic refraction
line) to the NW boundary of the Riddleville basin along COCORP line GA-5.
S4 Model Profile
The S4 model profile extends a distance of 275 km from the southeast edge of the
Inner Piedmont, across the Carolina terrane and the coastal plain to Charleston, SC on the
coast. The model is coincident with the Seisdata-4 active-source reflection seismic
profile. To the southeast of the Fall Line the profile traverses the Springfield granitic
pluton, which is known from drill core (Costain et al., 1986), and forms one of the largest
amplitude negative gravity anomalies in SENAM. The profile also crosses the gravity
and magnetic anomaly associated with the diabase intrusions and basaltic flows
encountered in the Clubhouse Crossroads wells near Charleston, SC. Because the
Seisdata-4 seismic line is offset from the minima of the negative gravity anomaly
associated with the Springfield Pluton, data was extracted from gridded Bouguer gravity
across the Springfield gravity minima and projected into the plane of the S4 profile in
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order to accurately model the anomaly associated with this granitic body. Due to the
apparent lack of correspondence between magnetic anomalies and buried granitic plutons
in the coastal plain, the profile was modeled for gravity only, except for over the
Clubhouse Crossroads anomalies, where the profile was simultaneously modeled for
gravity and magnetics. The depth to base of coastal plain is constrained by 15 wells to
basement. Model polygon geometry for major crustal blocks is taken from the Seisdata-4
reflection seismic line (Behrendt, 1985), and was projected along potential field
anomalies from the SRS model profile. Depth to Moho was also taken from the SRS
profile.
Based on the amplitude of its gravity anomaly, which measures -45 mGal, the
Springfield granite is one of the largest felsic plutons in eastern North America, both
areally and volumetrically. Modeling suggests the pluton is 3 km in thickness, with a
conduit down to 6 km depth (see Figure 4.11). In map view, the major axis of the pluton
measures 120 km, while the minor axis is 80-km-long. Assuming an elliptical shape, and
excluding the conduit, these dimensions produce an areal extent of ~7,500 km2, and a
volumetric estimate of 22,500 km3. The Clubhouse Crossroads mafics are modeled as
laterally extensive thin sills and flows fed by a shallow conduit (see Figure 4.12). Along
the profile, the lateral extent of the mafic body is 40 km. The depth to the top of the sill is
800 m and the sill and flow thickness is 800 m. The underlying conduit is 900 m in
thickness.
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Figure 4.10- SRS forward model profile. Numbers on profile polygons are densities in grams per cubic centimeter (italics), and
magnetic susceptibilities in centimeter gram seconds (bold text). See Fig. 4.2 for location.

Coastal Strike Profile
The Coastal Strike (CS) model profile extends SW-NE along the coastline of
South Carolina a distance of 235 km. The profile was oriented so that along-strike
changes in the depths to major upper- and mid-crustal boundaries could be modeled. The
CS profile also traverses a circular high amplitude positive gravity and magnetic anomaly
near Beaufort, SC, and a large negative gravity anomaly just south of Myrtle Beach, SC.
The positive gravity and magnetic anomaly near Beaufort, named the Beaufort Pluton,
measures 13 mGal and ~900 nT, and is consistent with a cylindrical conduit of mafic
rock up to 1.6-km-thick. To the northeast the gravity minima at -30 mGal, is comparable
to that of the Springfield granite away from the location of the conduit (see Figure 4.13).
The negative gravity anomaly has previously been interpreted as a sub-basin of the SGR
(Wildermuth, 2003), but forward modeling demonstrates that a 10-km-deep basin would
be required to fit the observed anomaly, which would be the deepest known sub-basin in
the SGR basin system (see Figure 4.14). Here the anomaly is modeled as a granitic pluton
that is up to 6 km in thickness.
Tilt Derivative Maps
The tilt derivative or tilt angle is a derived potential field measure of gradient that
can be used to detect the edge of the source of a potential field anomaly. As compared to
other edge detection measures, such as horizontal gradient, second vertical derivative, or
analytic signal, the tilt derivative has the advantage of responding well to both shallow
and deep sources (Miller and Singh, 1994). Figure 4.15b shows the uninterpreted tilt
derivative output of 100 km highpass filtered total magnetic intensity. Compared to the
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unfiltered total magnetic intensity map shown in Figure 4.15a, the combination of
frequency filtering and tilt angle has the effect of suppressing long wavelength
anomalies, particularly those within the Charleston-Brunswick magnetic terrane of
Hggins and Zietz (1983) and the Suwannee terrane. In particular note the suppression of
the magnetic high immediately to the southeast of the HZ Line from central Georgia
through South Carolina. These anomalies are probably sourced from shallow, laterally
extensive mafic sills and flows with geometries similar to that of the Clubhouse
Crossroads mafics modeled along the S4 potential field forward model profile.
The combination of frequency and derivative filtering also collapses the magnetic
signatures of linear magnetic anomalies across a variety of spatial scales. At a large scale,
this effect can be seen in the change in character of the BMA and ECMA in the filtered
magnetic intensity map as compared to the map of total magnetic intensity (see Figure
4.15d for labels). The magnetic low associated with the BMA is almost completely
suppressed along much of its length, strongly suggesting this is an edge effect anomaly.
One exception is in southern Alabama and western Georgia where a clear negative
magnetic lineation can be traced for at least 400 km.
At a smaller scale, the same effect can be seen in the Piedmont-Carolina magnetic
terrane (CT, Figure 4.15c) where closely spaced, small-scale linear and curvilinear
magnetic anomalies create a distinct magnetic fabric. Examining this magnetic fabric in
the context of the previously defined boundaries for the Charleston-Brunswick magnetic
terrane, originally drawn by Higgins and Zietz (1983) (the HZ Line) on the basis of
unfiltered total magnetic intensity data, makes clear that with the exception of the

116

117
Figure 4.11. S4 forward model profile, Springfield Pluton. Numbers on profile polygons are densities in grams per cubic centimeter
(italics). See Fig. 4.2 for location.
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Figure 4.12. S4 forward model profile, Clubhouse Crossroads. Numbers on profile polygons are densities in grams per cubic
centimeter (italics), and magnetic susceptibilities in centimeter gram seconds (bold text). See Fig. 4.2 for location.
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Figure 4.13. CS forward model profile. Numbers on profile polygons are densities in grams per cubic centimeter (italics), and
magnetic susceptibilities in centimeter gram seconds (bold text). See Fig. 4.2 for location.

Figure 4.14. CS forward model profile test (NE end of profile). Above: A realistic model
geometry and density values for a Triassic-age sub-basin of the South Georgia rift. Note the
misfit between the observed and calculated gravity values. Below: A model of a sub-basin that
fits the observed gravity anomaly. The basin is required to be 10 km deep. Numbers on profile
polygons are densities in grams per cubic centimeter (italics). See Fig. 4.2 and 4.9 for location.
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westernmost portion of the boundary this line no longer makes sense as a division
between terranes of different magnetic character. The magnetic fabric of the PiedmontCarolina terrane continues southeastward and terminates in Georgia along the eastward
projection of the negative magnetic lineation that crosses southern Alabama and western
Georgia and is associated with the truncation of the BMA against the NE-SW
Appalachian structural grain (Figure 4.15b). In South Carolina the same magnetic fabric
terminates to the southeast along another negative magnetic lineation that projects
eastward from the SC-GA border immediately to the southeast of the horst block of
intruded metamorphic basement that sits between the Dunbarton basin and the SGR. This
lineation coincides with the Magruder fault, which is the northwest border fault of the
SGR in this location seen as a strong lateral velocity contrast in USGS refraction, wideangle reflection seismic data (Luetgert et al., 1994). From the border between South
Carolina and Georgia the negative magnetic lineation changes strike, becoming eastnortheast-striking and intersects the South Carolina coast near the offshore McClellan
anomaly. The Piedmont-Carolina magnetic fabric terminates to the west in Alabama and
western Georgia at the Great Smoky Fault, which is the Blue Ridge thrust front. In
northern Georgia and western North Carolina, the fabric terminates at the Hayesville
thrust (see Figure 4.15d).
Figure 4.16b shows the uninterpreted tilt derivative results for Bouguer gravity.
From comparison to the non-tilt-filtered Bouguer data shown in Figure 4.16a, tilt filtering
has a similar effect on the gravity data as the technique did on total magnetic intensity
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Figure 4.15. Maps showing frequency and tilt filtered magnetic results. a) Unfiltered total magnetic intensity map showing the
Piedmont-Carolina, Charleston-Brunswick, and Suwannee magnetic terrane boundaries (Higgins and Zietz, 1983; Horton et al., 1989).
b) 100 km highpass frequency filtered and tilt filtered magnetic map. c) Filtered magnetic map with polygons for the PiedmontCarolina, Charleston-Brunswick, and Suwannee magnetic terrane boundaries. d) Filtered magnetics with magnetic and structural
features (Higgins and Zietz, 1983; Hatcher et al., 2007; Heffner, 2012).

data by collapsing linear gravity anomalies. A large-scale example of this collapse can be
seen by examining the East Coast Gravity High, which is immediately east of the
maximum in the Appalachian gravity gradient shown in Figures 4.16a and 4.16b as a
heavy black line. Another example is the collapse of the East Coast Gravity Anomaly,
which is coincident with ECMA offshore (see Figure 16d for labels). The most prominent
gravity feature within the coastal plain seen in the tilt filtered gravity data is the
northeast-striking positive gravity lineament that separates the Dunbarton and SGR
basins, and projects to the southwest where it is clearly observed from central Georgia to
eastern Alabama. Along the SC-GA border, this “ridge” of high gravity marks the
interpreted inter-basinal horst block of intruded metamorphic basement. This is
coincident with the negative magnetic lineation seen in the tilt filtered magnetic data, and
like the magnetic lineation the gravity lineament changes strike from NE to ENE and
intersects the South Carolina coast. From central Georgia to eastern Alabama, the linear
positive gravity anomaly is again coincident with the more southerly negative magnetic
lineation.
The NE-striking negative magnetic lineation and the linear positive gravity
anomaly are interpreted to correspond with the Magruder fault and/or the NW basin
bounding fault of the SGR along the SC-GA border. This extends the interpretation from
the SRS integrated forward model profile, where well and seismic control exists, that this
marks an intruded horst block and the boundary of the SGR. This interpretation provides
an important new constraint on the north and northwest extent of the SGR system in
South Carolina and Georgia (see Figures 4.17 and 4.18).This interpretation can be
extended into Georgia along the length of the continuous magnetic and gravity anomalies
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at least as far as the Riddleville basin, where it suggests that the Riddleville basin and
Dunbarton basin are separated by the Magruder fault. This interpretation contrasts with
the continuity of these basins proposed by Heffner (2012) on the basis of seismic and
well data. At the northern boundary of the SGR in South Carolina, this interpretation
suggests a more limited extent of the SGR, and the existence of a previously
unrecognized basin peripheral to the SGR, here named the Saint Stephens basin, that was
previously interpreted as internal to the SGR by Heffner (2012). Well data confirms the
existence of Triassic-Jurassic rocks at this location, but the basin is differentiated from
the SGR based on its location to the north of the coincident linear positive gravity
anomaly and negative magnetic lineation that is here interpreted as the SGR boundary,
and the fact that the basin is within the Piedmont-Carolina magnetic fabric, which does
not correspond to the SGR extent elsewhere as determined from well data. The
interpretation that this is a peripheral basin is also supported by the fact that the preTriassic basement surface in this location is relatively shallow (less than 1.5 km), which
is similar to other known Triassic basins on the margin of the SGR (e.g. the Dunbarton
basin), which also lie within the Piedmont-Carolina magnetic terrane (see Figure 4.19).
Extending farther the interpreted relationship between the filtered potential field data and
the boundaries of the SGR, using the correspondence between the linear positive gravity
anomaly and more southerly negative magnetic lineation in central Georgia and Alabama,
it again suggests revision to the northwest boundaries of the SGR proposed by Heffner
(2012) (see Figure 4.19).
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Figure 4.16. Maps showing tilt filtered Bouguer gravity results. a) Unfiltered Bouguer gravity. Appalachian gravity gradient is shown
with heavy black line. Heavy black line: Appalachian gravity gradient. b) Tilt filtered gravity. Heavy black line: Appalachian gravity
gradient. c) Tilt filtered gravity shown with magnetic terranes (Higgins and Zietz, 1983). D) Filtered gravity shown with magnetic and
structural features (Higgins and Zietz, 1983; Hatcher et al., 2007; Heffner, 2012).

These filtered potential field data may be useful in revising the southern
boundaries of two of the largest SGR sub-basins, one that spans the AL-GA border and
another that spans the GA-SC border (see Figures 4.17 and 4.18).In both cases wells
encountered rocks interpreted to be Triassic/Jurassic in age, but these wells were
excluded from use in the determination of the SGR boundaries by Heffner (2012). In the
case of the western sub-basin, Georgia Geological Survey (GGS) wells 121 and 3001
encountered “red beds”, but also encountered other lithologies (GGS-121- Paleozoic
Sediments; GGS-3001- Granite), and were excluded on that basis. In the case of the
eastern sub-basin, GGS-52 encountered “arkosic sandstone”. It is not clear why this well
was excluded from use in previous determination of the SGR extent, but a revised extent
that includes this well in the sub-basin is clearly suggested from the tilt filtered gravity
data (see Figure 4.17 and 4.18). The interpretations offered here based on the new
potential field derivative maps in combination with existing geological and geophysical
data also have important implications for the lithospheric and tectonic configuration of
the sub-coastal plain basement. The first implication is that magnetic terrane boundaries,
namely the HZ Line, which is the NW boundary of the Charleston-Brunswick magnetic
terrane, and the BMA, which is the southern and eastern boundary of the CharlestonBrunswick magnetic terrane and onshore divides it from the Suwannee Terrane, are
incorrect in that they do not divide terranes of different magnetic signatures. One
corollary to this observation is that the Carolina-Mississippi fault (Higgins and Zietz,
1983), which is magnetically defined and is coincident with the HZ Line, may not exist.

126

127
Figure 4.17. Tilt filtered magnetics with Triassic-Jurassic well penetrations. Black lines: Revised boundaries (this chapter) of the
South Georgia rift (solid lines) and possible expanded boundaries inferred from limited well data (dashed lines). The Saint Stephens
basin and GGS wells are located.
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Figure 4.18. Tilt filtered gravity with Triassic/Jurassic well penetrations and revised boundaries (this chapter) of the South Georgia rift
(solid lines) and possible expanded boundaries inferred from limited well data (dashed lines).
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Figure 4.19. Pre-Triassic basement surface map from well and seismic refraction data. Colored circles: 3D Euler deconvolution depth
solutions. Heavy black line: Fall line. Light black line: revised South Georgia rift boundary (Heffner, 2012), Dashed lines: possible
expanded boundaries from limited well data (this study).

A new set of magnetic terrane boundaries is proposed for SENAM. Two divisions
are proposed separating three magnetic terranes named, from NW-SE, the Grenville
magnetic terrane, the Appalachian magnetic terrane, and the BrunswickSuwanneemagnetic terrane (see Figure 4.20). The Grenville magnetic terrane is so named
because it is associated with the southeastern craton of Laurentia, which is loosely
marked by the front of the Grenville orogeny. It includes the NY-AL magnetic lineament
and generally features a magnetic fabric of intermediate-frequency anomalies and N-NE
trending magnetic grain. The Appalachian magnetic terrane is so named because it is
made up of Appalachian basement terranes from the Blue Ridge thrust (GSMT) to the
Fall Line, including the Blue Ridge, Inner Piedmont, and the Carolina superterrane. This
magnetic terrane is marked by a magnetic fabric of closely spaced, small-scale, linear and
curvilinear high-frequency magnetic anomalies and a strongly apparent NE-trending
magnetic grain. The Brunswick-Suwannee magnetic terrane is named for its primary
magnetic feature, the BMA, and the lithotectonic Suwannee terrane, which straddles the
BMA (Chowns and Williams, 1983), and extends into the southeast Georgia embayment
offshore (Boote and Knapp, 2016). It features intermediate-wavelength anomalies and an
E-W to ENE-trending magnetic grain.
There are two boundaries that divide these three magnetic terranes, which were
made on the basis of unfiltered and filtered magnetic data and filtered gravity data (see
Figures 4.20and 4.21). The division between the Grenville terrane and the Appalachian
terrane approximates the Blue Ridge thrust, which is the frontal ramp of the internal
southern Appalachians. The division between the Appalachian terrane and the
Brunswick-Suwawnnee terrane is made along the two prominent parallel ENE-trending
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negative magnetic lineations observed in the frequency filtered tilt derivative magnetic
map presented above, which also roughly parallel linear positive gravity anomalies. The
eastern boundary of the Brunswick-Suwannee terrane is relatively poorly defined,
particularly to the south. Offshore North and South Carolina, the boundary is the BMA,
the source of which is the termination of extended continental crust against intruded
transitional crust (Duff and Kellogg, 2019). Outboard of the BMA continuous, if offset,
linear magnetic anomalies mark the rift to drift transition and the locus of initial seafloor
spreading. Offshore Georgia and Florida, however, these linear anomalies become
disrupted and the boundary between extended continental crust and transitional crust is
not clear. The filtered gravity data suggest that the boundary might be very close to the
present-day coastline, but its exact location will remain as a subject for future research.
Building on the recognition and definition of the Appalachian magnetic terrane, a
previously unrecognized class of sub-coastal plain Triassic-age rift basins is proposed.
This class includes the newly defined St. Stephens basin, as well as the previously known
Dunbarton, Sumter, Florence, and Riddleville basins. This class of basins is peripheral to
the main SGR system of sub-basins, and basins in this class are defined by their limited
size and depth, their lenticular shape, and the fact that they are developed within the
Appalachian magnetic terrane, while the SGR system is confined to the BrunswickSuwannee magnetic terrane.
A final implication and corollary regarding the lithospheric and tectonic
configuration of the sub-coastal plain basement based on interpretations presented here
concerns the location of the Alleghanian suture that separates pre-Alleghanian Laurentia
from terranes of Gondwanan affinity that accreted to Laurentia during the final orogeny
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that built the southern Appalachians. The newly recognized boundary that divides the
Appalachian magnetic terrane from the Brunswick-Suwannee terrane is proposed as the
location of the Alleghanian suture. Both the HZ Line and the BMA have previously been
proposed at the Alleghanian suture. Based on the data and arguments presented above the
existence of the HZ Line as a boundary of tectonic significance that divides magnetic
terranes of different character is called into question and seems unlikely. It is, therefore,
no longer considered as a candidate for the location of the Alleghanian suture. Although
inherently a magnetic anomaly, the onshore BMA has been interpreted to mark a
boundary, called Suwannee-Wiggins suture, which is known from drilling data to divide
peri-Gondwanan rocks to the north from Gondwanan rocks of the Suwannee terrane to
the south (Chowns and Williams, 1983). The correspondence between the magnetic
BMA and the geological Suwannee-Wiggins suture to the west in Alabama and western
Georgia is good, however, to the east in central and eastern Georgia, Gondwanan rocks
are known to lie north of the BMA (Chowns and Williams, 1983). Recent mapping of
relatively undeformed Paleozoic sediments of the Suwannee basin (see Figures 4.4, 4.20,
and 4.21), which forms part of the pre-Triassic basement surface beneath the coastal plain
in southern Georgia, northern Florida, and offshore South Carolina, and spans the BMA
provides strong evidence that the Alleghanian suture must lie to the north of the magnetic
anomaly (Boote and Knapp, 2016). Using seismic reflection and drilling data, Boote et al.
(2018) suggest that the BMA marks the approximate location of a preserved
Neoproterozoic subduction zone and magmatic arc, implying that the BrunswickSuwannee magnetic terrane proposed here, which includes the Gondwanan Suwannee
lithotectonic terrane and the peri-Gondwanan Charleston magnetic terrane of Higgins and
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Figure 4.20- Tilt filtered magnetic map showing newly proposed magnetic terranes for the southeastern North American margin
including the offshore Suwannee terrane (Boote and Knapp, 2016) and northeast onshore extension of magnetic terrane boundary
marking the proposed Alleghanian (Suwannee) suture.
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Figure 4.21- Figure 4.16- Tilt filtered gravity map showing newly proposed magnetic terranes for the southeastern North American
margin including the offshore Suwannee basin (Boote and Knapp, 2016) and northeast onshore extension of magnetic terrane
boundary marking the proposed Alleghanian (Suwannee) suture.

Zietz (1983) and Horton et al. (1989), was amalgamated prior to the Alleghanian and
accreted to Laurentia as a single tectonic unit (Chowns and Williams, 1983; Boote and
Knapp, 2016; Boote et al., 2018). It follows then that the Alleghanian suture should sit at
the northwest boundary of this tectonic block, which is the line that divides the
Brunswick-Suwannee magnetic terrane from the Appalachian magnetic terrane proposed
herein.
Another line of evidence to support this boundary being the location of the
Alleghanian suture begins with the recognition of the distinctive magnetic fabric and
grain of the Appalachian magnetic terrane where rocks of this terrane outcrop northwest
of the Fall Line, including the Kiokee, Raleigh, and Goochland metamorphic belts of the
composite Carolina superterrane and the associated Modoc fault zone (Hopson and
Hatcher, 1988; Shah et al., 2017; Alarifi, 2020). The peri-Gondwanan Carolina terrane
was accreted to Laurentia during the Neoacadian orogeny and is therefore preAlleghanian, although it is strongly overprinted by Alleghanian orogenesis. It follows
then that in the absence of an intervening lithotectonic unit situated between the Carolina
terrane and the Suwannee terrane (i.e. the Brunswick-Suwannee magnetic terrane), the
Alleghanian suture must be the southeastern boundary of the Carolina terrane. Based on
the filtered potential field maps presented here, the magnetic signature of the
Appalachian magnetic terrane continues from the Carolina terrane southeastward beneath
the coastal plain and terminates in the boundary separating the Appalachian terrane from
the Brunswick-Suwannee terrane. In other words, based on its continuous magnetic
signature from the Blue Ridge thrust to its termination, this is the southeast boundary of
the Carolina terrane (and all other Appalachian basement terranes) as defined by the
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magnetic data, making it a strong candidate for the location of the Alleghanian suture. If
this interpretation is correct, then an interesting corollary is that the Alleghanian suture
divides the buried Eastern North America Rift system in Georgia and South Carolina.
Most of the peripheral Triassic rift basins developed within the Carolina terrane, which
was accreted prior to the Alleghanian, while the SGR developed entirely within terranes
accreted to Laurentia during final closure of the Iapetan Ocean and continent-continent
collision between Laurentia and Gondwana in the Alleghanian. An alternative
explanation is that this boundary (i.e. the boundary between the Appalachian and
Brunswick-Suwannee magnetic terranes) marks the northwest limit of extension
associated with the rifting of Pangea and the opening of the Atlantic Ocean. Under this
interpretation, the change in magnetic signature is due to the overprinting of the
Appalachian magnetic fabric by rifting processes. It is important to note that these to
interpretations are not incompatible with one another.
4.4 Conclusions
1) The combination of tilt and frequency filtering and forward and inverse modeling
of densely sampled potential field data, especially when used in conjunction with
reflection and refraction seismic and well data, is a powerful tool for resolving
regional-scale basement structures beneath the Atlantic coastal plain, including
basement geometry, terrane and rift basin boundaries, and igneous intrusions, and
greatly reduces the non-uniqueness of potential field forward model solutions.
2) On the basis of filtered potential field maps, the extents and boundaries of subcoastal plain magnetic terranes are clarified. The Appalachian magnetic terrane is
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bounded to the northwest by the Appalachian thrust front, continues southeast
uninterrupted by the Fall Line and terminates along two parallel ENE-trending
negative magnetic lineaments in Georgia and South Carolina, which are roughly
coincident with positive linear gravity anomalies. To the southeast of this terrane
boundary lies the Brunswick-Suwannee magnetic terrane, which includes the
previously named Suwannee lithotectonic terrane and the Charleston-Brunswick
magnetic terrane.
3) A major crustal boundary marked by a steep gravity and magnetic gradient and a
distinct lateral discontinuity in Vp exists SE of the Dunbarton basin along the SCGA border. The boundary separates a structural high (horst block) of Carolina
terrane metamorphic basement that has been intruded by mafic igneous rocks up
to 6-km-thick to the northwest from Triassic sediments of the SGR to the
southeast. The boundary, interpreted to be the NW basin-bounding fault of the
SGR, is traceable for 200 km on tilt filtered potential field maps and projects SW
to the Magruder fault, which is the northern basin-bounding fault of the
Riddleville basin. To the northeast the negative magnetic lineation and positive
linear gravity that mark the boundary changes strike, becoming E-W, and
intersects the South Carolina coast near McClellanville, limiting the extent of the
SGR to the north. A revised extent of the SGR is suggested on the basis of the
relationship between these potential field anomalies and the border fault of the
SGR.
4) A previously unrecognized buried Triassic basin, named the St. Stephens basin,
lies to the north of the northern boundary of the SGR in South Carolina, and well
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data confirm the presence of Triassic-Jurassic rocks in this location. It is similar to
other small lenticular Triassic basins peripheral to the SGR developed within the
Appalachian magnetic terrane along with a group of known Triassic basins that
include the Dunbarton, Sumter, Florence, and Riddleville basins.
5) The dimensions of the Springfield Pluton and another interpreted granitic pluton
south of Myrtle Beach, SC associated with a high-amplitude negative gravity
anomaly are estimated to be 6 km thick and cover a combined area of up to 5,000
km2, making these granites among the largest in eastern North America. The
geometry of the Clubhouse Crossroads mafic sills and flows and the mafic
Beaufort Pluton have also been estimated. The Clubhouse Crossroads mafic body
is laterally extensive, spanning a distance of 40 km but is relatively thin with a
thickness less than 2 km. The Beaufort Pluton is a cylindrical mafic intrusion
estimated to be a 1.6 km thick.
6) The sources of the Tifton and McClellan gravity and magnetic anomalies are
interpreted to be mega-scale rift-related igneous complexes. This interpretation is
based on their large size and high amplitudes, as well as located Euler
deconvolution results, which are suggestive of focused deep-seated through-going
igneous intrusions. Their rift-related origin is based on their position proximal to
the rift-related BMA, and well penetrations of Mesozoic-age diabase and basalt
located within 40 km of the Tifton anomaly.
7) The boundary between the Appalachian magnetic terrane and the BrunswickSuwannee magnetic terrane is proposed as the Alleghanian suture. This boundary
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simultaneously marks the southeastern termination of the Carolina superterrane
(part of the Appalachian magnetic terrane), which is known to have accreted to
Laurentia prior to the Alleghanian, and the northwest boundary of the combined
Suwannee lithotectonic and Charleston-Brunswick magnetic terranes (renamed
the Brunswick-Suwannee magnetic terrane), which were amalgamated in the
Neoproterozoic and accreted to Laurentia during the Alleghanian.
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CHAPTER 5
CONCLUSION
The southeastern North American margin provides an excellent laboratory for
examining mountain building, rifting, and magmatism along an ancient preserved
continental margin. Despite being a well-studied margin, many fundamental questions
persist about the nature of pre-Cretaceous basement rocks that record margin evolution
spanning a Wilson cycle. Debate continues about the nature of boundaries between
lithotectonic terranes and the structural style of deformation during the Alleghanian (e.g.,
Hatcher et al., 2007; Hibbard et al., 2012). Even more fundamental questions about the
pre-Cretaceous basement remain where these rocks are covered by the Atlantic Coastal
Plain. Disagreement continues about the existence and location of buried basement
terranes and the boundaries or sutures that divide them (e.g., Chowns and Williams,
1983; Higgins and Zietz, 1983). The extent and distribution of rift basins and rift-related
magmatism, including CAMP, also remains the subject of speculation. A common theme
in the study of these basement rocks has been that tectonic inheritance has played an
important role in continental margin evolution (Thomas, 2006). Studies presented here
are intended to address some of these lingering issues and advance our understanding of
how the continental margin of southeastern North America evolved, while at the same
time posing new questions.
In contrast to geologic evidence for transpression during the Alleghanian orogeny,
COCORP seismic data support thin-skinned, dip-slip dominant accretion and thrusting of
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the Carolina superterrane and the Inner Piedmont across the Laurentia – peri-Gondwana
suture zone. An integrated approach to potential field modeling along with structural
modeling emphasizes the importance of low-angle basement thrust faults in producing
Alleghanian uplift and exhumation. Modeling also suggests that Grenville basement
extends beneath the Atlantic Coastal Plain, and that the low-angle Alleghanian
detachment may have been exploited by subsequent rifting of the Atlantic margin.
It has been thought that the Alleghanian Suwannee suture lies beneath the SGR,
raising questions about why rifting never succeeded along this apparent lithospheric
weakness (Chowns and Williams, 1983). Filtered magnetic maps and forward and inverse
modeling of potential field data suggest that the SGR lies dominantly to the southeast of
the Suwannee suture zone, which separates the SGR from a set of smaller peripheral
basins to the northwest, developed within the Appalachian magnetic grain. Nevertheless,
based on the difference in size and depth between these peripheral basins and the SGR, a
difference in crustal extension is observed across the Alleghanian suture, suggesting a
role for tectonic inheritance. The importance of the Suwannee suture as an inherited
feature is reinforced by the fact that the BMA, which modeling suggests is a rift-related
feature, does not cross the suture.
The nature of the BMA also raises questions about tectonic inheritance in that the
rift-related BMA corresponds with the preserved Mesoproterozoic subduction zone
suggested by Boote et al., (2018). Did the fossil subduction zone, perhaps reactivated as a
transfer zone during rifting, play a role in focusing rift-related magmatism to produce the
BMA and the Tifton anomaly, and what explains the geometry of the present-day rifted
margin which seems to crosscut the preserved subduction zone? Although the results of
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this study do not resolve these questions, they do suggest a role for tectonic inheritance in
influencing the evolution of SENAM, and provide evidence of focused rift-related
magmatism, which supports the idea that SENAM is a volcanic rifted continental margin.
Figures 5.1 and 5.2 compile the mapped extents of sub-Coastal Plain basement
features in SENAM, many of which have been described here for the first time. The close
association of Paleozoic compressional features with Mesozoic extensional features
illustrates the complexity of the tectonic overprint in SENAM. Furthermore, the
juxtaposition of these features across the Suwannee suture, with extensional features
located dominantly to the southeast of the suture zone, illustrates the importance of this
boundary. And although onshore rifting ultimately failed, it suggests that this suture zone
did impart an early structural influence on Central Atlantic rifting.
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Figure 5.1. Basement features on magnetics.
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Figure 5.2. Basement features on gravity.
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